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PEEP AOE. 



The foUuwing pages haye been prepared to meot, d m d t pj 1 

tlie demand fot practical instruction m Topog pli 1 D wi g Ti g t 
nctirity whiufa prCTaila in regard to Internal Imp m t t tly 111 f, 

into the iield mimfaers of young EngineerB ; d 1 dj niany t f 
works have been addressed to tliem on almost ct y d ta 1 ted with, th 

profeeaion, except map-making. 

The design of tMe little manual is, to be a pra tl al ase tani d ft ra 
panion, to be consulted on all matters connected witb T j g jh ID wing 
from the first sketch of a preliminary survey, to th mpl t m p Its so p 
is limited to field and office drawing, and nothi 1 iflt dfltwht 

relates to, or is JlIustratiTe of, tliose departments T ] g phy 

With regard to the explanatory figures, tbe gtptfthm to- 

graphic, and, of course, inferior in point of e^eeut to tl ii ^ vi gs th t 

usually accompany such works aa tliis. The autl w Id pi d fl t tl y 
intended rather as illusti'ations of mafhods thn p f tjl d h t 

the student is more familiarly and intelligibly add d hy m f th pe 

and ink, than by the unapproachable perfection f pj pi 

The cooTeutional signs UTerywhore in use, h h mpl yd 1 

explained, but all arbitrary and unnecessary n It pi t f th m has b 
studiously avoided. 

"West PoiwT, N. Y. 
August, 1854. 
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INIKODUCTION. 



1. When a topographical drawing is to be made with the pen, upon Demy or 
Royal paper, select the smooth aide of if, and draw the rectangle intended to 
cont^ the map, in the middle of the sheet. To do this, lied the intersection of 
the two diagonals of the paper, by laying a rule from comer to comer, and 
drawing light pencil lines near the middle. This intersection will bo the middle 
of the sheet ; with . which the centre of the drawing must coincide. Draw 
through this central point a line parallel to the lower edge of the sheet, then 
perpendicular to this, and through the same central point, another iine. The 
former of these ceatril lines will give the diretticn of the upper and lower hisfs 
of the drawing, and the latter that of the upnght aides Lay off Irom the 
central point, to the ryht and left, on the horiz)ntil central hne, distances 
eqnal to half the hise ot the required reitangle and through the points (hua 
found, draw Uoes parallel tithe upright tential line these will he the indefin te 
upright sides. Then through two points on the upright central line, at dis- 
tances above and below the cenlie equal t« half the altitude of the requited 
rectangle, draw lines parallel to tiie horizontal central line, and these will com- 
plete the reetangle and form its upper and lower bases. 

2. If the drawing is not a square, the longest lino of its mar^n must be laid 
in the direction of the longest edge of the paper. 

3. When a drawing is to be finished with the pen, it should be always borne 
in mind that the Icad-penci! is used only as a guide, or preparafion for the pen, 
and that all pencil lines, without exception, must be di'awn very lightly, with a 
moderately hard pencil, finely pointed, which being drawn two or three times 
over a line with a very slight pressure, will produce a mart which may be seen 
very distinctly, and he easily rubbed out afterwards. 
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4. Ruled pancil lines should be di-awc a little bejood tiieir exact length, for 
ill going over them afterwards with a pen, their interaecliona can bo mora readily 
distinguished by means of these projecting ends of (he lines. 

6. Iq copying from a di'awing, it ia nsual, in order to facilitate the getting in 
f fh fl t 1 -I n mbe fin f some simple avrangement upon the 
m d I and to d th m Ih th ect-angie in which the copy is to be 
m d Th t m th d t d d the drawing into squares, whose ddes 

ni tap lllttl m oin 1 nes respectively, and in length some 
If pi f ti h rt d f th d a mg, such as |, -ji,, or y'j- I* is evident, 
h that any k d nu b f 1 nes drawn npon (he model will answer 

tl mpp p Idtiipp aed copy is treated in exaoUy the same 
Ha tl ti ml tems of lines, it will be easy to cause 

tlie outiinea m the copy to pass through squares corresponding to those of the 
model. This process at once suggesla the method of enlarging or reducing a 
drawing by increadng or diminishing the sides of Ihe corresponding squares. lu 
comparing the proportions of similar drawings, Imear measure is always used; 
L. g., a drawing is sud to be twice the size of another when it is twice as Wgh 
and twice as wide, though it contains fonr times the surface. The squares must 
be drawn in pencil, and lightly, as they would disfigure the drawing if they 
could not be entirely removed. 

6. Indian Ink is used in finishing pen drawings. It should be of the best 
quality, which insui'es its quick and perfect mixture with water, and should bo 
rubbed np perfectly black, in a small plate, as pale ink makes the boldest draw- 
ings look weak. To test its btacitnesa when mixed, take some in a pen, make 
a pretty broad mark with it upon white drawing paper, and wait until it diiea, 
when it will display its tiue strength. After it has become black, it is ready 
for use, and any further mixing will make it viscid, 

7. The steel pens now so generally used are perhaps the beat for drawing, 
find tend to produce, l>y their superior durability, an evenness of style. The 
pen should be not too elastic, nor should it be easily turned from its durecfion 
by an increase of pressure upon it. Some draftsmen prefer quill pens, which, 
when of a good quality, well made, and frequentiy renewed, are certainly unob- 
jectionable. 

8. Pencils, as before remarked, should be moderately hard for line draw!ng_ 
Faber's No. 3, or Wolff's HHH are of tiie proper hai'dness. They should be 
pointed by rubbing them on a piece of fine sand paper. (Par. 3.) 

9. In general, all lines drawn by hand (that is, without ruling), sae more 
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IKTKODUCTION. Sill 

easily drawB (oirarJi the body ;■ aad with this view, a topographkal drawing 
should be turned on tlie table in any way that will facilitate that manner of 
drawing. Killed line^ are more conveniently dj'awn from left to right (always 
alrmg Ihe upper edge of the rule), and for that purpose also the drawing should 
be turned in any direction. But in copying tho outlinea by the eye, both the 
mode! and the copy must be placed upright before the draftamau, so that the 
line he ia engaged in drawing may be really parallel to the one he ia copying. 

10. No line thai is meaia to be a slraiglit Him should be drawn iy hand. 
Right lines, whether in pen or pencil, must invariably be ruled, no matter how 
short they may be ; and if in ink, should be drawn with the right-Une pea Nor 
^ould a right angle ever be guessed at. All square corners, whatever be the 
^ortness of the lines forming them, must be eonstructod with the proper instru- 
ment. Parallel lines also, no matter how short, must bo constructed. 

11. In making or copying a drawing, begin with the principal lines in it ; for 
example, if a broad slieam or an extended sheet of water bo represented, begm 
with that ; then proceed to the roads, and smaller streams. Prepare everything 
completely in pencil, before taking up the pen to finish; for in doing so, tbe 
progress of the work is more satisfactory and apparent. 

12. In copying lines which are so close together as that many of them are 
contained ia a single square (which ia sometimes the case with horizontal curves), 
that square can be subdivided on the model and on the copy, byjoining the mid- 
dle points of the opposite sides, so that one square will be made mto four. Or, 
only alternate curves may be studied and drawn, and the intermediate ones can 
afterwards be easily introduced. 

12. I*t tbe drawing be kopt clean. A piece of Ihin paper should be con- 
stantly interposed between it<s face and the draftsman's hands. The mk plate 
should be kept on one side, and never iu front of ihe diuwing Preserve the 
paper on whieh the drawing ia in progress from being bruised ; it shoijild never 
hang over the edge of the table where the body or arms ciw press upon and 
break it. 
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TOPOGRAPHICAL DRAWING. 



1. ToPOGKAPHT is the art of describing tlie minute feahires 
of the earth's surface. Topograpiiieal Brawing consists in 
representing, hy lines, or some other coiiTentional expressive 
means, the exact shape and figure of the ground in a particu- 
lar locality, as well as the dimensions and positions of all 
otjects situated upon its snrfiice. Two classes of ohjects pre- 
sent themselves for description; the one natural, including, 
1st. — mountains, of every extent, their slopes, their rocby aides, 
their gorg^ and valleys, and in general, every inequality in 
the surface of the ground ; 2d. — todies of water, as the sea, 
rivers, brooks, lalces, ponds, and marshes ; and 3d,^an natural 
productions or conditions of the ground, such as forests, heath, 
meadows, sand, &c. The othei' class compmes artificial works, 
such as buildings, inclcKinres, cultivation, roads, &e. Of this 
latter class, buildings may be divided according to tlieir im- 
portance, as churches, country-seats, farm houses, &c. In- 
cloaurea may be variously represented as ditches, hedges, 
walls, or fences. The different kinds of cultivation need not 
to be discriminated ; but where a distinction is desired, it is 
better to display it by lettering the ground neatly. Eoads, or 
communications, are distinguished as turnpikes, railroads, 
canals, cross-roads, foot-paths, fords, &c. 

2. Every topographical drawing addresses itself to the eye 
as if the spectator were situated above, and looking down 
equally upon every part of it. In representing therefore upon 
such a drawing the relative positions and the dimensions of 

, accurate measurements, according to some assumed 
re used, and distances are laid off, as in any other plan- 
But in espre^ing the nature of objects, many of 
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them not teing bounded by mathematical or regtilar lines, 
recourae is had to certain conventional means, universally 
agreed upon among di'aftsmen. In some instances, the signs 
thus used are made to resemble, in some degree, the objects 
for which they stand, as in the case of forests, roclte, meadows, 
&c. In others, they are purely conventional, as in the case of 
hills, water, marsh, &c. The pen, the brush, and tlie pencil, 
by means of lines or colors, offer facilities for topographical 
drawing, which it is proposed to consider in the order in which 
they are mentioned. 

3. Tlie first characteristic to which we naturally direct our 
attention in regard to the topography of a locality, is the 
variation in the surface of the groimd, with reference to hill, 
valley, and plain. The two general systems of delineating 
with the pen these important features, will firet be noticed. 
These are called, respectively, the horizontal and the vertical 
system. 

4. First. The Horisontal System. — ^Thia consists in intersect- 
ing the inequalities of the ground by a series of horizontal 
planes, at equal vertical distances apart, and " projecting" upon 
the map the curves in which these planes intersect the surface. 
To explain this process by a familiar illustration, let us suppose 
a hill, rising out of the water, as in Fig. 1, where such a hill is 
represented in profile — ^AB being the water-surface. If we 
should walh completely around the base of this hill, exactly 
along its water-mark, we sliould follow a perfectly Imel, or 
horisontal curoe, for it is formed on the liill side by the horizon- 
tal surface of the wafer. This water line may then be called, 
a curve " cut out of the hill h/ a horizontal flwne" and, as 
such, we may measui-e its dimensions, determine its propoi^ 
tions, and draw, or "project" it on our plan, 

5. Suppose, now, the water to rise one foot. A new curve 
will be defined on the hill-side, in a manner similai' to the 
fli-st, and at a vertical distance of one foot above it at every 
point. This new curve will pcssess properties similar to 
the first one, and may, like it, be determined and projected. 
CD is the plane of the second curve. In the same manner, 
tlie planes of other curves, at the same vertical distance apart, 
may be conceived, and the curves measured and drawn, as EF, 

. GH, IK, and LM. 
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6. Let the cuiTes now be projected upon a horizontal plane ; 
that is, suppose the eje to he placed ahove the hill, so as to 
look directly down npon e^ery point of its surfece. The curves 
■will then be drawn, as in Fig. 2 (the shading lines excepted). 

1. In this topogi'aphical plan, each of the horizontal curves 
^ves us, throughout its length, an exact idea of the shape of 
the ground. If we know (as is always known from the other 
parts of the map) that the iwn&p, or smallest cmwe, is elerated 
above the others, then we have the representation of a hill. If, 
on the conti'ary, the oulffr carve is elevated above all the 
others, then our drawing represents a Tiollow. 

8. In the spaces between these horizontal cnrves, or sections, 
we are necessarily left in ignorance of the precise form of the 
ground. But our knowledge will increase with the number 
of curves we have ; and if they could be drawn at very small 
vertical distances from each other, or nearly in contact, we 
should have an almost perfect representation of the slope. 
This, however, is neither practicable nor nece^ary, for when 
we have obtained such a number of sections as will furnish a 
knowledge of the ground sufficient for the purposes requked 
(and this number may be increased according to the require- 
ments of the case), it is allowable, and customary, to consider 
the ground between any two sections as sloping wnAfomJ/y. 
The space between any two of these curves is called a horizon- 
tal mn&. This zone may he considered as generated by a 
straight Hue, placed in the direction of the slope of the zone, 
and touching J>oth of the curves, and which, being kept nor- 
mal* (perpendicular) to the -wpjj&r one of the pair, is moved 
around the hill, fulfilling constantly the above conditions, until 
it returns to the point whence it set out. The successive posi- 
tions of this line are the elements, constituting the surface of 
the zone. 

9. A comparison {Figs. 1 (md 2) of the cnrves with the cor- 
responding profile, will show that where the hill B steep, the 
horizontal sections are projected close together, and that 
■where tlie hill is not so steep, they are projected at a 
greater distance from each other ; and in proportion to the 

* A normal to a curYe is a riglit line, -which is perpendioular to a tangent to 
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proximity or remoteneaa of the sections, is tHe steepness or 
gentleness of the declivity. This proportion will always exhibit 
the rekiiwe degrees of the slope at any pai't of tlie ani'face. 

10. In order to find the actual inclination of a zone at any 
place, find the element at that place by drawing a normal to 
the upper curve of the zone. Oonstmet, with tlie normal line 
m m {Fig. 2) bo fouud, as a base, and with the known vertical 
distance between the sections as an upright, a right angled 
triangle ; its hypothenuse will be equal to the true line of the 
slope, and the acute angle at the base will be equal to the angle 
of inclination required. 

This triangle is seen at AOa {.Fiff. 1), and the angle OAa 
is the angle of inclmation. Or construct, for all cases, a scale 
of inclinations, as follows : — Draw the lines AO and OB {Mff. 
S), forming a right angle at O. Lay off with a protractor, the 
lines 5, O 10, O 15, 20, &c., mating, with OB, angles of 
5°, 10°, 15", 20°, &c,, successively up to 45°. To use this 
scale, draw the hue CD parallel to OB, and at a distance above 
it equal, according to the scale of the map, to the vertical dis- 
tance between the horizontal sections. Haying, as aforesaid, 
found the normal at any point, talie its length in t!ie dividers 
(or compasses), set one foot of the dividei-s at C, and the other 
towards D, on the line CD, and observe its position with re- 
gard to the intersections of CD witli any of the lines O 5, O 10, 
&c. For example, should the length of the normal be Ce, the 
inclination is 5° ; should it be Cff, it is 10° ; should its extre- 
mity fa:Il at/, midway between e and g, the inclination is 1i°: 
If it fall at a point not easily determined as to its position, 
draw a line from O through it, and measure, with a pi'otractor, 
the angle formed with OB. This scale may be made more 
exact, by laying off angles of less than 5°. 

11, To show how these horizontal sections contiibute to the 
knowledge of forms, Figs. 4, 5, and 6, are plans and profiles of 
the pyramid, cone, and hemisphere. The upper portion of 
Mg. 4 is an elevation — that is, a vei-tical view, or " projection" 
of a square, right pyramid. It exhibits the vertical dimen- 
sions. Suppose this pyramid to be three inches in height, and 
to be made of wood, or some soft material. Diill a fine hole 
from the apex to the middle of the base ; it will pass through 
the central line, or axis, of the figure, and will be pei'pendicu- 
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lar to the base. Suppose, now, tliat vre. saw or cut the pyra 
mid into six slices, i inch thick each, by passing the saw 
parallel to the base at each cut. Set up the pyramid again, 
pass a stiff wire or needle through the drilled axis, aud place 
it upon a slieet of paper on a horizontal table, 80 that one of 
the lines forming the base shall be parallel to, or coincident 
with, a right line drawn on the papei'. Press the wire-axis, so 
as to mark tlie centre of the base, and draw a pencil line 
around the bfise of tlie body. This will be tlie lower outline of 
the undermost zone. Remove now, the lowest slice, and let 
the next one above come down upon the paper, keeping the 
axis in the same jilace, and the sides of the base in the same 
direction as before. Draw a Ime around this new base with a 
pencil, and it will give the upper outline of the undermost 
zone, or, which is the same thing, the lower outline of the 
zone next to the lowest one. By repeating this operation in 
the same way, we shall obtain the upper and lower outlines of 
all the six zones of the figiu'e. The upper outline of the upper 
zone is the apex, and will be represented by one point, in the 
middle of the base. The sections of such a pyramid will 
thus be found to be a series of concentric sq^uares, whose ver- 
tical distance from each other is the assumed tliickuess of the 
slices into wliich it has been divided, and whose horizontal dis- 
tance apai't is the base of a right-angled tiiangle, whose per- 
pendicular and hypothenuse are respectively the vertical 
thickness of the zone, and the lengtli of the noi-mal, or true 
slope of the zone. (See Mff. i, at a, 5.) 

The same method of demonstration, and the same remarks, 
will apply to tlie cases of the cone and hemisphere ; and an 
examination of the figures (5 and 6) will show the manner of 
drawing, and connecting the vertical and hoi-izontal projections 
(or the devotions and plans) of these bodies, when treated in 
the same way as the pyramid we have been considering. 

The sections of the cone (a right cone with circular base) 
and of the hemisphere are concentric circles. In the case of 
the cone they are equidistant, and their horizontal distance is 
found as in the pyramid. This eqtddistancc of the sections 
indieates a uniform declivity. In the hemisphere the upper 
sections are more removed from each other than the lower, and 
the horizontal distance between them diminishes rapidly as we 
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approach the lower ones, which inMoaies an wityrsme in t?ie 
deaUvity {Fig. S). The eye should be familiarized with thia 
kind of projection, so that a distinct idea of the foiin of any 
object may be received or conveyed by means of sections cut 
out by equidistant horizontal planes. 

13. We have thus fai' considered a hUl as given only by such 
a number of sections as could, or needed to be accurately de- 
termined by sui-vey or otherwise, assuming the slope between 
these determinate sections to be umfrn'-m. But we can now 
fill up thia skeleton plan, and di-aw any desired number of 
curves in each zone, by dividing and sub-dividing the normals 
by medial sections. If we draw through the middle points of 
the normals of any zone a medial line, we shall have (by the 
principle — Pa/i'. 11 — that equidistant sections indicate uniform 
slopes) a new curve cut out of the surface by a medial hori- 
zontal plane. Dividing medially these secondary zones, we 
shall obtain two more auxiliary curves, and so on for any 
number. 

It is upon this principle that drawings are filled up or shaded, 
in the horizontal system. When we have determined and pro- 
jected a sufficient number of curves, so that the assumed uni- 
formity of slope between them does not diifer essentially from 
the truth, we can proceed to fill in, without constructing them, 
as many curves as it may be desirable to have in the spaces 
between the determinate ones. And if we keep always the 
same num.ber of shading lines witliin each pair of curves, tliey 
will, by their proximity or remoten^s, as the width of the zone 
diminishes or increases, serve to show the relative steepness of 
the slope. The darker sliade produced by their drawing closer 
together, and the lighter color caused by their separation, will 
contribute to the same effect. And it is from this (in con- 
nexion with vertical illumination, which will be referred to in 
explaining the vertical system) that has been derived the con- 
ventional idea that a dark color repr^ents a steep slope, a 
lightei' color a more gentle one, and perfect white a level. See 
Fig. 1 for an example of this method of finishing hills, 

13. Pkactical DmEcnoNs and Eemaeks on Drawing a Hill 
AccounnTG to the Hokizontal System. 

Having prepared the outlines of the drawing in light pencil 
lines, including the skeleton curves of all the hills or hollows, 
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proceed to finish with the pen and ink. In commencing the 
shading lines, place the drawing on the table so that tlie sum- 
mit of the hill shall be towards the left hand (see Fig. 2). Then 
draw (towai'ds the body) as many lines within the highest pair 
of curves (say sis, more or less, according to the large or small 
scale of the map), as you intend to put in each horizontal zone. 
Thus, if the determinate curves, are constructed at a vertical 
distance of one foot apart, our auxiliary ones will be about two 
inches apart vertically. If the scale is smaUer, and the deter- 
minate curves are drawn six feet apart, our shading lines will 
have a vertical distance of about one foot. Draw the lines 
with firmness, and let tliem have a length varying from about 
i of an inch to about I of an inch, according to the width of 
the zone, that is, according to the greater or less degree of 
declivity {Fig. 2, at o and f). Where the hill ia steep, the 
lines are heavy and short; where it is less steep, they are 
longer and lighter, and in approximating the level they 
must be drawn as fine and clean as possible. Let tliem divide 
equally the space between the cui'ves. Go all ai-oimd the 
hill in this manner, in each zone, before commencing the 
one next below it, turning the di'awing on the table so as to 
draw always towards the body, increasing or diminishing the 
distance between the lines as the width of the zone varies, so 
that they just fill the zone evenly ; and finish by joining tliem 
togetlier where tliey began. Proceed in hke manner with the 
second zone, and so on to the bottom of the hill. Inasmuch 
as we have the form of the hill accurately defined in pencil by 
the skeleton oi curves, it is not absolutely necessary that, in 
shading, the accessory cmwes should be rigorously continiious. 
A slight variation in their position at the joints, provided they 
do not wander out of their zone, impai'ts a degree of freeness 
to the style. Be carefiil to connect the sets of lines together, 
end to end, so that the groups shall not be separated by a va^ 
cant space {Fig. 2, at )'), or be overlapped by thrusting the hnes 
of one group between those of another {Fig. 2, at s). Endeavor 
to obtain a clear, even tint. Do not let the junctions of the 
groups in the different zones form continuous lines down the 
hill {Fig. 2, d, d), but let them " break joints," by frequently 
bringing a junction oppceite to the middle of the gronp in the 
zone above {Fig. 3, at e, c, e). 
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14. When a drawing of a bill is finished according to this 
system, and the pencil lines removed, the zones formed by the 
determinate curves are no longer distinguisliablG, and the 
means of ascertaining actual heights and inclinations are lost. 
This difflcnlty may be obviated either by marking the deter- 
minate curves by light lines of red, and numbering them ac- 
cording to their vertical distance above or below a certain 
assumed level, and from each other ; or by writing upon the 
map a statement of the vertical tliickness of a zone, and how 
many auxiliary sections are contained in it, 

15. "Whenever this horizontal system is used in representing 
slopes, the conventional sign for bodies of water consisis only 
of a narrow strip of tint, or shade, produced by short lines 
drawn parallel to the hose of the drmomg. Draw these lines 
towarda the body, and from tlie shore ontwarda, having firat 
defined the width of the strip by means of a iine pencil line 
{Fig. 1 at A). 

16. The other method of representing bills, wliicli is called 
the Veetical System, is now to be considered. It consists in 
stressing tlie inclination of a bill-side, by drawing its lines of 
greatest descent. The two required elements are both to be 
exhibited in these lines, viz. the dir-eoUon and degree of the 
slope. The direction of any line of greatest descent (which is 
the true direction of the slope or inclination), is obtained by 
considering the horizontal sections of the surface. Let us sup- 
pose a liill i-Fig. 2) given by its ciirves. If, from the summit of 
this hill, we suppose water to ilow, or a round mass or body 
to be rolled, it will evidently, under the influence of gravita- 
tion, seek the lowest point, and that by the shortest line. This 
path, so described, will be tlie " line of greatest descent." It is 
further to be observed, that fliis line will be fonnd constantly 
perpendic\ilar (normal) to the boiizontal sections. For any de- 
viation from this direction {Fig. % /, g) displays a spiral ten- 
dency, or a tendency to move around the hill, which cannot be 
impai-ted by gravitation.* Having then the horizontal sections 
given, we can always draw, perpendicular to tliem, any num- 



* Any deviation, fvom a direotion perpendicular to the horizontal lines ia an 
approsimation towards a line of no descent, and in eo far, a dcpartuve &oni a 
line of greatest descent* 
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ber of lines of gi'eatest desceat, thereby obtaining a complete 
knowledge of tlie direction in which the ground slopes {Fig. 15). 

17. The other, equally important, element of the inclination, 
viz. its degree of declivity,- is expressed by means entirely con- 
ventional. Two methods have been adopted for this pui-poae : 
one depending upon the principle of vertical illumination, in 
which the maximum light is reflected upwards to the eye by a 
hoiizontal surface, and a minimum by a surface inclined 45" to 
the hoi'izon. The latter, being the steepest slope at which earth 
will stand, is taken as tlie limit of least illumination, Tliis is 
the English and German convention, and lays more stress on 
the different proportions of black to white in indicating the 
degree of slope, than upon the distances between the shading 
lines. The other method (the French) makes its expression 
depend more upon the distance between the lines of gi'eatest 
descent than upon the color produced, although in it also the 
tint is graduated from dark to light, or white, according to tlie 
declivity or level to be shown. These two methods of deline- 
ating hills will be considered in the order in which they are 
named above. 

18. "When the surface of the ground is illuminated by verti- 
cal rays, it is evident tliat the level or horizontal parfs will 
reflect upwards to the eye (which is supposed to be situated 
vertically above every point of the map) the greatest quantity 
of light, for the incident rays then coincide in du'ection with 
the reflected ones, the rays of light being supposed to be paral- 
lel. But when a vertical ray falls npon a surface inclined 45", 
the reflected ray will be horizontal, since both rays niake 
angles of 45° witli the line drawn perpendicular to the surface 
(Fig. 8). 

19. The natural limits of the declivity of slopes being 45° for 
the greatest, and a dead level for the least, it is required to 
appoi'tion the illumination between these limits, taking black 
to represent a slope of 45", and white a honaontal plane. Di- 
vide tlie line A B {Fig. 9) into ten eqaal parts, corresponding to 
the ten steps of a gradation (by 5° at a step), from a level to 
a slope of 46°. TJpon the line C D, below, represent in these 
divisions, the different inclinations, viz. a level, a 5° slope, a 
10°, 15", &c., to 45°. The level is perfectly white. Then there 
are nine degi-ees of color to be determined, from 5°, which is 
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the liglitfist shade, to 45°, -which is hlack. Divide now each 
of the ten spaces of A .B into nine equal pai'ts. To exhibit the 
proportion of hlack to white in a slope of 5°, malie one of thosa 
parts black ; for 10°, make two black ; three tor 15°, and so 
on to 45°, where all nine parts are black. 

20. This scale of color shows the following propoi-tions of 
black to white for all the inclinations (differing by 6°) from a 
level to a slope of 45°, All the nine parts of the part of the 
scale cori'esponding to the level are white. In a 5" slope, 
one part of the nine is black, showing a proportion of black 
to white as 1 is to 8. In 10° two parts out of the nine are 
black, showing a proportion of 2 : 7, or 1 : SJ. Tor 15° the 
proportion is S : 6, or 1 : 2. For 20°, 4 : 5, or 1 : IJ. For 
25=, 5 : 4, or li : 1. For 30", 6 : 3, or 2 ; 1. For 35°, 7 : 2, 
or 3? : 1. For 40°, 8 : 1. For 45°, all is black. Expressing 
th^e proportions in the form of ratios, we shall have the fol- 
lowing table, in which the numerator signifies the quantity of 
black, and the denominator the quantity of white i — 



e hlaok than white. 



45° all " 

21.' To reduce these ratios to practice in the drawing of shad- 
ing lines, the four horizontal strips, below the lines E F, G H, 
I K, and L M {Mg. 9), show how the black portion of each 
set of nine parts ia divided' np into lines of proper thickness 
for use. For example, in the strip E G of the rectangle 
oTsp which corresponds to the slope of 5°, the 1 hlack part 
to 8 of white, or 1 to 8, is divided into two black lines of half the 
thickn^s of the first .black pai't, showing a proportion of 3 : 16, 
Each of these hues is, in the stiip G I, divided into two of half 
the thickness of those in E G, making four shading lines, show- 
ing a proportion of 4 ; 32. Dividing these in the same manner 
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we ottain, in. -the strip I L, a proportion of 8 : 64-, and in the 
next strip below, of 16 : 128. (See Paf. 45.) 

22. It remains to show tlie use of this scale, in expressing, 
by the ratio of black to wliite, the degi-ee of inclination of a 
slope. Por this purpose tlie scale must be cut off along the 
line L M. The part L O D M will then furiiisb ns, along the 
line L M, with a graduated edge, by toeana of which the dis- 
tance between the centres of the shading lines can be mai'ted 
off, and the line D will show the different slopes to -wbich 
the graduation corresponds. 

Having now the horizontal sections of a liiU given, write 
upon it with a pencil, in as many places as necessary, the degree 
of the iaelination (See Par. 10), and bring the line L H of the 
scale tangent to the upper curve of tlie zone, at that part of 
the scale coiTesponding to tlie inclination we are required to 
espr^s, and mai-k off from ite edge the distances between tbe 
centres of the shading lines. Through each of the points thus 
determined draw a Ivne of greatest descent (See Par. 16). Copy 
from the scale, for each group of the lines, the exact proportion 
of black to white, and the color in each zone ■will then express 
the degi'ce of the slope, and the line of gi'eatrat descent will 
show its direction. 

23. Prom the foregoing we deduce the following two practi- 
cal rules. To find the ratio of black to white for any given 
slope : Pule 1. Sviiraot the given insUnaiion from, i5°for a 
denommator, <md take the gvoen viioUnaMon for a numerator , 
and we shall have the ratio ss in the table in Par. 20. Apply 
this, for example, to the expression of a 20° slope. Take 45° — 
20" "= 25 for a denominator. The numerator is 20, hence |j, 
or I is the ratio (see Par. 20), of which tlie numerator repre- 
senlB the black. To find the inclination, the ratio of the black 
and white being given, or having been observed from a draw- 
ing : Eule % MuDA^l/y tlie numerator of the gvoen ratio h/ 
4:5" for a new numerator, and add together its nmmm'ator and 
denominator for a new denominator. Pedtioe the fraction. 
For example, in reading a drawing, we find in a certain part 
a ratio of blaclt and white expressed by the fraction I. Then 

— — = — =2 25 — the inclination required. 

24. In the above calculations, as well as in the scale of shade, 
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no variations of less than 5° have been regarded ; biit smaller 
differences may be used, if desirable, and the scale drawn, and 
the ratios caleidated in the same manner. 

25, 111 representing declivities by this method, considerable 
practice is required. This should be commeuced by drawing 
repeatedly the scale of shade, particularly the last subdivisions 
of the black part into lines, so as to apportion accnrately the 
hlack line to its adjoining white spaces, in such a manner as to 
express with readiness any of tlie angles of iuelination into 
which the scale is divided. Then the line may be applied to 
express the varying inclinations of the same, or of different 
zones of a hill. 

It is not, however, to be supposed possible that every angle 
can be expressed in the exact proportions of the table of ratios. 
The most experienced eye and hand are liable to deviate about 
3° from the trvith, in estimating angles less than 9° and greater 
than 34°, and about 1° in estimating the intermediate angles. 
But it ia seldom necessary to approach nearer than this to the 
truth. 

36. The other method (the French) of expressing convention- 
ally the degree of inclination, by means of the distances be- 
tween the centres of the hnes of gi'eatest descent, will now be 
considered. In discussing this system, slopes are expressed by 
a written fraction, the numerator of which is unity,, and gene- 
rally stands for the vertical distance between the horizontal 
sections, and the denominatoris the horizontal distance between 
them (or the normal, see Par. 10), expressed in terras of the 
vertical distance as a vmit. Tor example, let a 1> {Fig. 10) be 
the profile of a slope, cut by horizontal plan^ at a and h; caU. 
Id (unity), and designate the line achy s. Then tlie slope 
will be represented by k- If & c is contained three times in 
a 0, then the expression for the slope will be |, and so for 
any other relation between the base and perpendicular of the 
right-angled triangle ah o. The limits between which slopes 
are repr^ented in this method, are t or i5° for the greatest, 
and eVj 01' 0° ^3' 43" for the least— all slopes less than the 
latter being regarded as levels. The largest scale that will 
admit of conveniently drawing the lines of greatest descent, ia 
if Jj of the full size, or 6 inches to 100 yards, being about 8J 
feet to a mile. In drawings made to this, and smaller scales, 
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the vertical distance between the horizontal sections is gene- 
rally taken one yard. For the scale of ^i^, we shall have, as 
the least width of zone, -j-lo of an inch, and for the greatest, 

--X64^3-^^:nches. 

To fill a aono ■wider, or even as wide as this, with lines of 
descent, would be inconvenient, and nnneeessaiy, 

27. In order to determine the interval between the shading 
lines for any given inclination (whicli interval is always rec- 
koned from centre to centre of the lines), we have the follow- 
ing rules : — 

Mfda 1. To the distance (measured along the line of greatest 
descent) ietween the v/^en- a/nd lower curves of any zone, add 
three-tenths of <m moh; a siiBteenth part of this sv/mwill he thfi 
proper interval for the shadi/ng lines. For example, if the 
given inclination is j^i ^^^ scale being ^l-^, and the zones 1 
yard thick, the width of zone for Jj will be .06 x 60=3.60, or 
3-^ inches ; to this add y\ of an inch, and divide by 16, and 
we have 



If the inclination is j-, we have 

,06-f-.3 .36 

— — — =: —=^0.0225 inches, &c. 

28. To save tlie labor of calculation, the following is a prac- 
tical method of laying off these points by the eye. Oat a rec- 
tangle of paper, the side A B, of wliich (see Mg. 11) must be 
equal to ys of an inch. It is required to space off the shading 
lines at JtN", which ia a line of greatest descent. Apply the 
rectangle near tlie middle of MN, with the side AB laid in 
the direction of the middle of the zone, and towards the left. 
Prolong AB to the right, and malfe BE equal to MN. Then 
AE will be equal to the width MN of the zone, plus -^^ of an 
inch — which distance is to be divided into 16 parte. Now, by 
the eye (or with compasses, until tlie eye is sufficiently prac- 
tised), halve the line AE at t>, quarter it at p and r, treat tho 
quarters Ap, po^ or, and r-fi", in the same manner, and through 
each of the 17 points so found, a shading line is to be drawn 
across the zone. 



by Google 



14 

29. "When the curves are nearly parallel, we can easily in this 
manner, determine seventeen lines at once. But when the curves 
depai't from each other rapidly, the lines of greatest descent 
also diverge proportionally, and a right line drawn normal to 
the upper curve, as at G {Fig. 11), will have departed from 
the path o«f gi-eatest descent GI, when it reaches the lower 
curve at H, It therefore becomes necessaiy to correct its 
direction. This is done by dividing the line of greatest descent 
into four or more parta, and thua determining three or more 
medial sections (see Par. 12). The true hne of slope QI {Fig. 
11) is thus divided, and by similai-ly dividing others, as at 
YZ, &c., we can draw the auxiliary sections db, cd, and ef. 
These sections being approsimatively parallel, we are now pre- 
pared for the application of 

30. Eule% To aguarterofihedidanoe^mQ^tsvLY&dLSshaioY^) 
between the wpper a/nd lower owroes of amy sone, add t JIt of an 
inGhj a/ourihparrt of the sif/m will he equal to four intervals. 

Out a rectangle of paper as before, whose side A'B' shall be 
tJI^ of an inch. Apply A'B' to the middle point of the nor- 
mal drawn at F {Fig. 11). Make B'P equal to FE, and divide 
AT into four pai'ts, by halving and quartering as before. 
This will determine 6 lines, to be drawn as far as iJie auxiliary 
section ab. Apply A'B' to the left of the second normal KL, 
and determine four lines of the second auxiliary zone, and so ' 
on for LO and OQ. 

31. These rules have for example's sake, been now applied 
to a drawing made on a scale of ^i^. Let it be supposed tliat 
the scale is j^a o, or 1 foot to 1 mile. In this scale it is suffi- 
cient to consider the cmves as being 3 yards apart vertically. 
Then tlie least width of zone will be 0.0136 inches nearly, 
which is very sroaU, while tbe gi-eatest width will be 0.8704 
inches. Novf, for a slope of { or 45°, tbe Ist Kule will give for 
the intervals 

.0136 + .3 .3136 

or yfo of an inch, neaily ; and for a slope of j-'j, we shall have 

.87+. 3 .90 
-j^=-=0.0M25, 

or 51 himdredths of an inch. This is a small scale, and is 
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1 to exhibit a poiiion of the ground from four to eight 
miles square. 

33. Having now established the ictervals of the shading 
linea, it remains to regulate their thickness, or breadth, so as to 
assist in expressing the declivity. For this pui'poae, they will 
vary dhecdy as the inclination, agreeably to the following 

Stile 3. JPbr a sl(yp6 of f , the thiekness of the shadmg Imes 
is egual to two-thi/rds of the distcmce heiween their centres, and 
their thiohness will dimmish vnth the incVmaUon, down to ^, 
where the Unes wUl be as fme aa they cam, he dra/wn. This rule 
will always, in a slope of |, malie the shading lines twice the 
Ireadth of the white space contained between them {Fig. 13), 
Thus, for a scale of s^jd the zone being 3 feet in height, and the 
slope \, we shall have for the intervals 
.064-.3 .36 
~16. "le 
two-thirds of which, or 

.3i5x2 .'!2_ 
16X3^48 ■'' 

or 1^ hundredths of an inch, nearly. If the scale is jsVid the 
zone being six feet high, we shall have the intervals for a slope 
ofi, 

.O130 + .3 .3136 







16 


— 


16 


two-thirds of which 












.3130X2 
16X3 ~ 


.ml2 

'- 48 


=.0131, 



or nearly li hmidredtlis of an inch as before; in both these 
(and all other) instances, the shading hnes decreasing to the 
finest line, to express the slope of ^V- 

33. In regard to the length of the shading hnes, no absolnte 
mle needs to be laid down. As there is no contemplated rela- 
tion between the dechvity and the length of the shading line, 
this part of the work is left to the skill and discretion of the 
draftsman. It may be remarked however, that if we confine 
their length to the width of the zone, their thiclmess, in a slope 
of f , would sometimes exceed theh length ; and in a slope of y'j, 
they would often be too long for convenience. In the latter case, 
lliis difficulty is obviated by dividing the zone {Pa/r. 29) ; and 
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in the former, it may "be observed, that the lines may be drawn 
across 4 or 6 zones, more or less, according to tlie scale, and 
other cirenmstanees. Tlie esti-emes of length for ordinary 
scales, may be set down at i or | of an inch for the steepest 
slopes, and about I of an inch for tlie gentlest. Some further 
practical directions will be given on this subject hereafter, 

34. Upon every drawing made in accordance with the above 
rules, there should be placed a scale, which should conve- 
niently shew the relation between the width of tlie spaces and 
the slope of the groimd at any part of the map. 

The following is a convenient form for this scale :— Divide a 
line AE {M^. 13) into 64 equal parts, by setting off from A 
towards B, 64 spaces of (say) yV of an inch. Kumber the divi- 
sions from A to B, calling the point A zero, and B 64. Let 
fall perpendiculai'B from A and B. On that at A, measure 
downwards to a, a distance equal to the width of four spaces 
corresponding to a slope of f , and at B measure downwards to 
i, a distance equal to four spaces, expressing a slope of j'^. 
Join a and 5 by a right line. Let fall now, perpendiculars 
from every point of division on AB, until they intersect the 
line ah, and the scale is completed. 

To mahe use of it in finding the declivity expressed by the 
shading linea, take off in tlie dividere, the width of four spaces 
at any part of the drawing, and compare it with the lengths of 
the perpendiculars to A B. If, for example, it is found that it 
coincides in length with No, 12 of the scale, then the slope 
expressed by that interval is ^V- 

36. Eeciproeally, this scale may be nsed to determine the 
width of four spaces. For, having constructed it, as before, in 
the same scale of distances as the map to he drawn, and know- 
ing as we do, the expression for the slope at any pai't of the 
drawing, the perpendicular of this scale of intervals, which 
agrees by its numeration on A B witli the denominator of the 
slope-ratio, will evidently be the coi-responding width for four 
spaces at that place. 

36. A still more convenient practical method of marking off 
the intervals, and drawing the shading lines of the proper 
thickness, consists in the use of a tangent movable scale, to be 
applied along the horizontal curves. It shows the relation 
between the length, thicknesSj and the intervals of the shading 
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lines for all elopea. Ite construction and use are as follows : — 
Draw a right line AB {Fig. 14). At A, draw perpendicalar to 
it, and downwards, a right line, whose thickness and length 
shall both correspond to a slope of t. This line must be 
drawn according to the scale of the map. For example, if the 
scale of the map is TaV^t or 1 foot to 400 yards, the horizontal 
curves being 3 feet apart vertically, or jj^ of an inch, accord- 
ing to the scale ; then {Pa/r. 26) the width of zone for a slope 
of f , is .03 inches. The length of the shading line will then be 
.03, and its thickness (by Eule 3) is .0137 inches. Having 
drawn this line, of the proper length and tliickness, lay off 
towards B, the iirst interval of the scale, which must corres- 
pond to a slope of }. By Eule 1 {Par. 27), we have 
.03 + .3 .33 

for this interval, and for -^■^ we have .1387. N'ow, from |, 
the slope ex[ e se 1 by tl e fo ner distance, the intervals go on 
increasing fomly p to gj, which is expressed by .1387. 
They m y therefore be egirdcd as an arithmetical series, 
whose ti'st anl 1 t terns a e .0206 and .1387, respectively, 
and whose ommon d fie ence is 
.13S7 — .0206 



By adding this common difference 64 times to the firat inter- 
val (.0206), we shall, by laying them off from A, obtain the 
successive intervals of the scale. "When the scale is very 
small, the common difference may be doubled, and the inter- 
vals laid off from A, by two at a time, and afterwards halved; 
or it may be quadrupled, and four spaces laid off at once, and 
then divided into four equal parts. Under such circumstances, 
these will approximate, very nearly, the true division. 

This, by successive additions, is the most accurate metliod 
of setting off small distances. Let fall, now, through tliese 
points tlms determined on the line AB, perpendiculars to AB, 
of indefinite length, and varying uniformly in thickness, from 
the first line at A, which is .0137 of an inch thick, to the last 
one at B, which is as fine as possible. To determine the 
lengths of these shading lines, or in other words,, the width of 
the zone to which their intervals and thickness^ correspond, 
2 
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Btart from the fli'st line, ah'eadj di'awn of tlie proper length 
(tH in.) at A, and from that line increase the length of each 
one, up to the 64th, in an arithmetical progression, ■whose first 
term ia .03 the least width of zone, and the last 1.&2 the greatest 
width. The common difference of this series is .03, and by 
successive additions (as in spacing off A B), the increasing 
lengths of the perpendiculars may he laid off. Having done 
this, draw thi-ough their lower extremities the curve D C, 
and the tangent scale will be completed. Each division of the 
line AB is the interval between two shading lines, correspond- 
ing to a width of zone equal to the mean of the two perpendi- 
culara which include it. 

87. To make use of tliis scale it must be cnt out, following 
its outline, A B I) A. Place the line A B on the draw- 
ing, tangent to one of the horizontal cmwea, so that the perpen- 
diculara to A B shall be normal to the curve, and coincide in 
their length with tlie width of the zone. Let the lower cuiwo 
of the zone cat tlie cmwed outline D, midway between two 
of the perpendiculai-s. See I'tg. li, at jra n and op, where the 
adjistment of the scale at iii n gives the interval and thiclinesa 
of the shading lines by means of the pei'pendiculars, m o and 
np, which are in length and direction the noiTnals of the zone 
ej^, g h,s.t7n, and n. This scale may tbiis be applied to deter- 
mine groups of hues in different parts of the hiil, 

88. Although the representation of the ground is thus con- 
formed to geometrical rules at all points, it must not be thought 
necessary to repeat the process of construction for eveiy line. 
It will suffice to do so at those places where the slope eshibife 
the greatest variations. Thus, a group in each zone will be con- 
structed where the slope ia least, and again where it is greatest, 
then a few intermediate ones. By gi-aduating the changes in 
the shading lines, in passing from group to gi'dup, both as to 
their thickne^ and their intervals, we can easily iill tlie va- 
cancies between the determinate groufs. Without being ma- 
thematically exact, we shall thus obtain a result sufficient for 
all practical purposes, and as accurate as can reasonably be 
looked for in employing the hues of greatest descent. 

39. Tabular view of the w^dth of zone, the intervals and 
thickne^ of the shading lines, corresponding to different scales, 
and different heights of zone : — 
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Scale. 


1 
1 


^3' 
III 
111 


1 

'1 


II 

ii 


i 


i 




m 


I foot 


02 1 


28 


.08876 


.02 


01333 


1 in. to 50 ft 


■S 


3 feet. 


06 3 


8i 


.25875 


.0225 


015 


■' 


m 


8 feet 


03 I 


92 


.13875 


.0205 


0137 


1 in, to 100 ft. 


m 


6 feet. 


06 S 


81 


.26875 


.0225 


016 


" 


m 


6 feet. 


0136 


8723 


.07337 


.0138 


0131 




i^ 


n feet 


0083 


5312 


.0613 


.0192 


0123 


4 in. to 1 mile. 


Sio 


22 feet 


0168 1 


062 


.0861 


.0103 


0133 




sw 


60 feet 


00076 


048 


.02176 


.0188 


0125 


n'lj8in.tolm. 



To calculate the values of tbe ahovG different quantities, fii"3t 
find tlie height of zone expressed in parts of an inch, accord- 
ing to the scale of the drawing. For example, suppose the 
scale to he tAoj ^^^ ^^ horizontal curves to be 3 feet apart 
vertically, that is, that the height of zone is 3 feet. Since 1200 
feet on the gi'ound is represented by 1 foot of the drawing, we 
can wi-ite 1200 ft. = 12 in,, or 100 ft, — 1 in., or 100 yds. — S 
in., whence 1 yd. = j^-g inches, or .03 is the height of the zone 
according to the terms of the scale. Then the least width of 
zone (that for a slope of \) will be .03 inch^. The greatest 
width (or fy) will bo .03x64, or 1.92 inches. By Rule 1 the 
t interval will bo 



16 
The least intei-val will he 



16 



r.l3875 



IS +.3 



which Ja .0306. And by Rule 3 the greatest thickness of the 
shading hne whl be % of .0206, or .0137. It will be obsei-ved 
that the actual height of zone is varied according to the scale 
of the map. This is necessary, in order to give room to express 
the curves of a steep slope on a small scale ; and if the height 
of zone and the scale bear a proper relation to each other, the 
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intervals and thickness of the shading lines for a slope of 45° 
will be nearly the same for all medium scales, only the max- 
imum intervals changing as the scale is enlarged or diminished. 
(See Figs. 17 and 18 for examples on scales of yjVs ^"^^ ja'sT 
respectively. Tlie vertical distance of the cnrv^ is three feet 
in Fig. 17,, and six feet in F'lg. 18.) 

40. Although in hoth of the methods of treating lines of 
greatest descent, jnst explained, the theory of the convention 
is perfect, yet it is admitted that in practice an approximation 
only is obtained, inasmuch as a great deal is left to the judg- 
ment of the draftsman's eye, and his skill of hand. Still, it is 
not only useful, but necessary, to have some fixed principles as 
a basis on vs-hich the art may be founded, and to which prac- 
tice may be conformed.- The student ought, therefore, to mate 
himself perfectly acquainted with the metliod (whichever it 
be) that he adopts, so as to present throughout his drawings a 
consistency in the expression of at least the rdati/oe degrees of 
inclination. For popular use, on (Ordinary occasions, this wilt 
be sufficient, as almost every one who is interested in looldng 
at a topographical map, will have learned enough of the con- 
ventional signs to comprehend their general intention; while 
the scale of shade, or of spaces, which should always be put 
upon a drawing, will inform those who are disposed for a mi- 
nuter reading of it, if it is geometrically correct. 

41. Eut as it is not always possible, either for want of time, 
or for other reasons, to attempt a complete realization of the 
theory of these methods, it is proposed to exhibit their differ- 
ent modifications between strict conformity to the rules above 
stated, and those for rough or rapid sketching of the ground 
from nature. 

42. With regard to the Englisli method, or that of vertical 
illumination, it has been remarked, in applying it in the ser- 
vice of the U. S. Coast Survey, that " this scale of shade does 
not represent slopes greater than 45°, thereby limiting the gra- 
phic Capabilities and effect of the map. It also makes the 
slopes too dark as they approach the inclination of 45°, and 
does not well represent slopes of less than 5°, which latter it is 
often necessary and desirable to express distinctly." A scale ia 
then to be sought for by which the lower slopes may be readily 
dbtingnished from one another, and the graphic effect of tho 
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high slopes retained. The slopes -^, tV? ^'^'i- ii ov fi-om 35" to 
11° {about), are most frequently met witli in those pai-ts of oin- 
country not moimtainoiLS. Slopes from ^-g to -f^, or from H" to 
6°, are such as are usually surmounted by roads. From a level 
to 25°, it is necessary to represent more alopes, and to represent 
them more distinctly than between 25° and 45°, and between 
the latter limits it is not necessary to distiuguish nicely between 
every few degrees of slope. Between 45° and 90°, slopes shotikl 
be represented for graphic effect, such as ior clay banlis, rocky 
precipices, &c., but it is not necessary to show their variation 
for any other purpose. 

43. The scale then proposed, adapted to any part of our 
country, both for eiyil and military purposes, and as affording 
the means of graphic representations, of aU slopes , useful for 
such objects, is the following modification of tlie scale of 
Par. 20:^ 

A slope of li° is thus represented 
by the same thickness of shading lines 
as that of 2S°, but the intervals should 
be doubled in the latter case, and so 
proportionally for any slopes less than 
By this scale the slighter slopes 
epresented well, and wiU be readi- 
ly disting^shed fi'om each otlier. The 
hades for slopes less than 16' ai-e dark- 
r than in the scale of par. 20, which 
renders their differences more observable. From 25° to 75° the 
shades are lighter than the corresponding ones of the other 
scale, the distinction being here of less importance. The white 
space, for a slope of 15°, do^ not in this scale become too 
small for practical use. A scale in accordance with tlie pro- 
portions in the above table, may be constructed. as is described 
in Par. 19, except that there must be eleven instead of nine 
divisions on A B, used for proportioning the black to the white, 
lis practical application is effected as in Ptws. 21 and 22, by 
repeated subdivisions of the proportion of black, until a pro- 
per thicltneas of shading line is arrived at, 

44. A further modification of the scale of shade has been 
very generally adopted in England, which for ordinary pur- 
poses has the advantage of simphcity, and facility of applica- 
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30° 
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all. 
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tioo. It consists in establishing witli accuracy only tlu-ee pro- 
portional qviaotitiea of black and wbite, foi- tliree medium 
slopes, viz. 15°, 32J°, and 30°, a level being repr^ented by 
■white, and a slope of 45° by bringing the shading lines in eon- 
tact, {>r perfect black. Thus by Eule 2d, Pa/r. 23, we have this 
table of slopes with their proportions of illumination : — 

A scale of shade may be at once 
constructed from this table, by assum- 
ing the thickness of the shading line 
for the medium slope of 22^", which 
thickness must be suitable to the scalej 
and to the degree of fineness or finish, 
, which it is intended to give the draw- 
ing. Having drawn this portion of the scale (as at A, Fig. 19) 
with eq^ual proportions of black and white, diminish by one 
third the thickness of the black line for the pai-t E of the scale, 
which will then correspond to a slope of 15" ; and increase its 
thickness by one third for the portion C of the scale, which 
wiU represent a slope of 30°, white and black being r^pect- 
ively the extremes. This scale should be carefully applied to 
the map wherever the slope to be represented corresponds with 
one of the three in the scale. All intermediate inclinations are 
of course indicated by graduating the tliickness of the shading 
line, refemng it to the regulators in tlie scale. {See Mg. 35 for 
a drawing made according to the vertical system.) 

45. In the English and Gennan method, and in all its modi- 
fications, the thickness of the shading line in the medium slopra 
(that is, where it is nearly equal to the interval between the 
lin^), is an arbitrary quantity, and is regulated by the scale 
of the drawing, by the skill of the draftsman in mastering bold 
or fine lines, by the time that may be spent in drawing the 
many or the few shading lines required, &c., &c. Generally, 
if the lines have such a relation to the scale of the drawing as 
to present a well connected appearance, it will be found that 
fewer shading lines, and a rather coarse texture will conduce 
more to clearness of expression when viewed at ordinary dis- 
tances, than a finer texture, wliieh has a tendency to dryness 
of style. In the French method, however, as has been before 
remarked, the thickness of the shading lines and their intervals 
are both fixed by the scale of the drawing. 



by Google 



46. The scale of shade may evidently be stil! fiu'ther simpli- 
fied, or, as in sketching in the field, it may be reduced to a 
mere graduation hj the eye, of the color for the different slopes 
that offer tliemselves for description. As much of the data for 
topographical drawing, relating to extended civil works, is col- 
lected by sketching in the field, a few practical remarks on tliat 
subject will now be ofi^ered. 

47. Field sketches are made with the lead pencil, and may 
be drawn upon every page of the compass-book, or upon the 
alternate pages, at the option of the topographer. In the for- 
mer case, the bearings 'and distances are recorded upon the 
drawing (JFiff. 16^) ; in the latter, the record occupies the left 
hand page, and the sketch the opposite one. The page for 
sketching should be ruled in squares, with blue or red ink, 
forming thus an indeterminate scale, the length of the sides of 
the squares being assumed at pleasure, according to the nature 
of the ground. Both the record and the sketch are read fVom 
the bottom of the page upward. Suppose the stations of the 
survey to be one hundred feet apart ; then, assuming the side 
of the squai'e to be one hundred feet, commence the sketch at 
the bottom of the page— in the centre, if the survey promises 
to be tolerably straight; if otherwise, at some point to the 
right or left of the centre, the reason for which will be explain- 
ed directly. Let the bearing from the first station (tlie starting 
point or zero) be N". 10° E. {Fiff. 16i.) Draw a line from the 
bottom of tlie page upwards ; the side of the square being as- 
sumed one hundi'ed feet, number the stations upon tlie squai'es 
as fer as the line is ran, say three hundred and twenty-five feet, 
and write the compass angle down along this line. Let t!ie 
bearing irom the second station, or No. 1, be N. 1° "W". ; draw 
a line making, as nearly as can be judged by the eye, the pro- 
per aiigle with the last bearing, and proceed aa before. When 
the page is exhausted, commence with a vertical line at the 
bottom of the next one, marldng upon it the remainder of the 
old bearing, and making, by the eye, a new series of approxi- 
mate protractions as before. If it can be foreseen, as in most 
cases it can, that the line of survey will be very crooked, bend- 
ing, for example, fi'om left to right, then commence the beai"- 
ing at the bottom of the page accordingly, beginning at a point 
on the extreme right {Fiff. 16J, dotted line), and mnning itdia- 
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gonally to the left, so as to make due allowance for the great 
deflection anticipated in the next bearing. Sncli cases may be 
foreseen in running around an inclosui-e, or in following a curv- 
ing stream or ridge. The adrantagea of tlie system of squares 
in sketch-books completely overbalance the one disadvantage 
which is, that the diagonal bearings will not make exact dis- 
tances upon the sc[uares, while the vertical and horizontal ones 
will. It will be remembered that the surveying book is design- 
ed to be exact only in its record and the general features of the 
ground, and that a slight change of scale is not material, as it 
caii be made exact when the survey is proti'acted upon the map. 
By these approximate protractions, any page of the book of 
survey conveys a very just notion of the beaiings and dis- 
tances, and of the relative positions of the general features of 
the ground. The first station being at the bottom of the page, 
(Fig. 10a,) note down in the space between it and the second 
one, a!l Uie features of the ground passed over by the line of 
siu'vey ; as to whether it is cultivated, forest, marsh, &c. ; 
■whether it is crossed by streams, ditches, &c., and their width ; 
if it rises or falls, about what degree of slope, &c. On botlx 
sides of the line introduce, according to the scale, and then- 
distances, as judged by the eye, all topographical objects within 
sight, such as buildings, roads, streams, hills, &c., &c., di-awing 
them to the scale if possible, and if they cannot be got upon 
the page, describing briefly then' nature and position. In 
sketching hills endeavor to project as many horizontal curves 
as possible, which should be lightly put in, and then the shading 
lines may be drawn over them. The degree of slope should be 
frequently written down in numbers upon the sketch. The 
names of localities, streams, hills, farms, &c., should also be 
entered. 

48. Thus far we have supposed a measured line upon the 
ground, to which the situation and dimensions of objects might 
be referred. It is much more difficult to embody the relative 
positions and dimensions, where all is left to the eye. Here a 
cultivated judgment is of the greatest value. Praetieo alone 
can make a good sketcher under such circumstances. Rules 
must, from the nature of the case, be few and general. In the 
first place, all objects within the field of vision 
to the eye la-psrspective, whereas the sketch is t 
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The apparent dirainntion of dimensioiiB in distant objects muat 
therefore he corrected on the plan. For example, the windings 
of a crooked stream, or a road, in perspective, are much exagge- 
rated in retiring into the distance; they must therefore be 
stircdghtmed out in the sketch, more and more, as they are more 
removed. 2nd. In looking at variously placed hills from a 
somewhat elevated station, the eye will in some cases look 
directly, or perpendicularly, at the face of some slopes, while, 
in others, the surface of the slope, if prolonged, will pass 
through the eye, and will not be seen in its ti'ue dimensions, 
though its inclination may be jadged. In sketching the shapes 
of hills, bodies of water, masses of forest, &c., these facts mist 
be taken into consideration, and to insure skill, eye-sketches of 
a small portion of ground having well-marked features, must 
be frequently made, and compared with measurements of the 
same features. In sketching a single hill, the beat station is at 
the summit. Fii«t endeavour to represent the lowest horizontal 
curve of its surface ; then a medi^ one ; then the form of the 
level space at the summit, or the highest horizontal curve- 
Others may then be introduced between these, nntil the ground 
is sufficiently espre^ed. The angles of inclination should he 
frequently noted down in numbers : all accidents of ground, 
such as ravines, rocks, &c., should be carefully placed, and all 
other objects, such as houses, fences, trees, &c., should be put 
down in their proper relative positions and dimensions. Hav- 
ing thus prepared a skeleton of horizontal carves, numbered 
as to inchnation and heights, the sketch wiU always serve a 
useful purpose without any lines of greatest descent. After 
suf&eient practice in this method, the eye will become so culti- 
vated as to enable the draftsman to express the form of ground 
hy lines of descent at once, the mind conceiving the position of 
the horizontal curv^, and thus supplying the necrasary data 
for the shading lines, the relative thickness and length of which 
for the different slopes, is a matter veiy easy of acquirement. 
But this should not be attempted until the method by horizontal 
sections is thoroughly mastered. 

49. It is easy thus to make a con-ect sketch of a single hill, 
but when there are many, and the general fece of the country 
is sloping also, the difficulties of representing the connexion of 
the different hilfe at their bases are considerable. In such cases, 
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the direction and leiigtlis of the valleys {or water-courses if 
there are any) must fii-st he noted, hearing in mind the illusions 
of perspective in hoth its effects, mentioned in par. 48. Then 
establish the positions of the different summits, marking down 
tlieir relative heights, after which put in the other objects to 
he represented, such as roads, trees, buildings, &c., &c., refer- 
ring their positions to each other, and correcting them where 
they are found to disagi'ee. Horizontal cm-ves present the rea- 
diest means to the beginner in sketching dechyities. When, 
after some practice, the form of a body suggests (as it always 
will) its horiaontal sections (see Pwe. 11), then it will be time 
to resort at once to the lines of greatest descent. The greatest 
difficulties to be overcome in the practice of eye-sketching are, 
1st, that of converting a pei-spective view into a ^toi, in all 
its true proportions; and 2nd, in forming a jiist coneeptioji of 
the intersections of different slopes at ilxcir iases. Hence the 
rule, to project first upon the sketch, all the lowest lines, or 
water-courses, and then the highest pai-ts or summits. Then 
the middle lines and objects may be placed, and the skoteh 
filled up by referring all others to those three groups which 
may be regarded as determined. 

50. The lead-pencil for field drawing should be moderately- 
hard, and the general tone of the drawing should be rather 
light. The shading of slopes ought not to overpower by its 
depth the distinctness of other objects, and the pencil should 
be so used and of such a quality, as not to be easily defaced by 
rubbing. 

51. In concluding these remarks upon the methods of re- 
presenting hills by the conventional use of lines, drawn witli 
pen or pencil, it is necessary to refer to the mode of expressing 
incHnations tliat are steeper than the " natural slope," or greater 
than i5°. Such slopes frequently occur in clay banks, steep 
ravines, and in rocks. As they are always exceptions to the 
law of slopes, and save in the case of rocks, cannot be 
as a permanent form of the ground, since they are < 
undergoing reduction by tlie action of natural causes, tlie 
method generally adopted to show them, is to make their 
shading lines exceptional also. In the Horizontal System this 
is done in earth slopes, by shading them with a set of black 
and short lines drawn perpendicular to tlie horizontal sections • 
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that is, in a direction contraiy to the general motion of the 
shading linra of the drawing. They should be made as black 
as pcssible. {Mff. 7, at B.) For the same kind of slopes in 
the Yertical System, their shading lines, also as black as pos- 
sible, are drawn parallel to the horizontal cnryes, or contraiy 
to the general tenor of the shading lines of the drawing. {Mgi. 
15, at A.) These methods answer also for the expression of 
occasional racks, particularly projecting horizontal strata; bnt 
when the slope is entirely rocky, even if it be not steeper than 
45°, the shading lines are thrown in, in every possible direc- 
tion, not intersecting, but abuttiug abruptly upon each other, 
in short heavy masses. {-Fig. 15, at B.) 

52. The following are some practical remarks and directions 
for shading hills according to the Vertical System, All the 
prepai'atory pencil lines having been drawn lightly, and the 
spaces for tlie shading lines being laid off by dots, begin to 
shade at the steepest part of the upper zone of the hill. Draw 
the shading lines firmly, from cnrve to curve (introducing 
auxiliary curves for that pm^pc^e wherever it is necessary), so 
that each row of lines may tehninate evenly at the lower edge. 
Draw always toward the body, tiu'ning the drawing on the 
table for that purpose. Draw these shading lines always dovm 
the d&pe, and proceed with them from left to right, so that the 
line jtiat drawn may be uncovered by the pen, and the distance 
to the next one be seen. Go all around the npper zone in this 
way, finishing by joming the row at the point of setting out. 
This is always effected more easily and neatly in the steepest 
part of the slope. After finishing the first zone, proceed to the 
Becond,,and so on to the foot of the slope. Where the curves are 
nearly parallel, the shading lines ai'e sti'aight, and also nearly 
parallel ; but when the curves depai't much from each other, the 
shading lines, being lines of greatest descent, must be noi-mal 
to the curves, and will therefore themselves have some curvature, 
in order that they may tend perpendicularly upon a second 
curve, which is not parallel to the first. {Fig. 15, at C.) In 
such cases it is necessary, besides di'awing the medial auxiliary 
curves, to put in lightly with a pencil, at short distances, a num- 
ber of normals {Fiq. 15), which, being carefully studied, will 
tend to correct or confirm the directions of the shading lines as 
they are drawn. In inti-oducing additional cmwea in those parts 



by Google 



of the bill where the slope is slight, care miist be taken not to 
shorten too much the length of the shading line, for where the 
interval between them is large, the line nrast be proportionately 
finer and long&r. (See Par. 33.) Any change in the direction, 
thiclniess, or proximity of the shading lines, required by the 
different inclinations, must be effected gradually, and all sud- 
den changes of that nature must be carefully avoided. Any 
two consecutive lines of any part of the hill, should be sensibly 
equal, similar, and parallel. They should be twin lines. The 
same thing is to be observed of contiguous zones ; any change 
in their color or expression, must be made gradually. If it be 
required to pass from a light zone to a dark one below it, make 
the lower extremities of the lines of the light zone a little 
heavier, so that they may meet the upper extremities of the 
lower row, with nearly the same color. Tlie latter may also 
be lightened a little. As zones differ in inclination, so of course 
will the spaces between the shading lines, Ko attempt there- 
foro ought to be made to prolong the lines of one zone into 
the zone below. The lines in each row are manifestly inde- 
pendent on each other in that respect. It is only necessary, as 
above stated, to avoid sudden changes of colom* in passing from 
zone to zone. Even in a perfectly uniform slope, it will not do 
to prolong the lines thus, because it gives a hard and bad cha- 
racter to the style. But in the case of a conical hill, as in Fig. 
16, it would give rise to an error in principle ; for we should, 
soon after leaving the siunmit, have too few lines of descent to 
cover the ground, and they would soon be so far separated as 
to lose their connexion, degenerating into a gi"eat meagreness 
of style. The same rules, in joining the different rows of hues, 
are to be observed here, as in the Horizontal System, viz. the 
extremities of one set of lines must not protrude within a 
neighbouring set {Fig. 20), nor must a vacancy be left {Fig. 21). 
The TOWS must be accurately joined, without showing either a 
white line at their junction, as in the latter case, or a dark one, 
as in the former (see Fig. 32). The method of joining them is 
shown in Fig. 33 on a large scale, where the lin^ of the lower 
row, coming between those of the upper, start from a line which 
connects the lower extremities of the upper row. When the 
whole plan of the hiU has thus been covered with lines of 
greatest descent, the base and summit must be softened off, by 



by Google 



tapering to a fine point the lower end of each line, at the base, 
and doing the same at the summit, by turning flie drawing 
upside down, and tapering the upper end of each line of the 
upper zone (see Fig. 15). The whole hill being finished, the 
pencilled lines may be removed. The same directions here 
given for executing the drawing of a hill, will apply to a hol- 
low, the shading lines of which are conyergiog. 

53, We will now proceed to consider the conventional iiae 
of lines in the representation of other features than hills, which 
alone have engaged our attention tlins far; and Ist, of water. 
When the horizontal sections of the ground ai'e continued, by 
means of soundings, below low watei'-mark, that part of the 
drawing covered by water must be left entirely white, so as to 
allow a clear exhibition of the hues of soundings, and the hori- 
zontal eurv^ of the bottom, as determined by their means. 
But when the delineation of the ground extends no further than 
the water surface, then for the sea, large lakes and rivers, the 
method of shading by Hnes drawn parallel to the shores, and 
graduated outwards from them, is generally used in the verti- 
cal system. This mode of proceeding would not answer in the 
horizontal system, as there would then be no distinction be- 
tween land and water. For the latter system, the method has 
been explained in par. 15. Ih order to execute symmetrically 
this style of shading water, the following directions must be 
strictly observed. After having drawn, with uniform thick- 
ness, a moderately stout line, aa at A, Mg. 24, for the outline 
of the water, throughout the whole drawing, begin by apply- 
ing to it, as closely as possible, the first shading hne. In order 
to do this, attend to the narrow white space between tlie two, 
making it ajme wMte line, and of even width. The first shad- 
ing line may be nearly of the thickness of the shore line, and 
should follow it closely in its minutest deviations. Apply such 
a line to every shore Une in the drawing. When that is done, 
proceed to the second shading line, which may be a little finer 
than the first, and a very little more removed from it than the 
first was from the shore-hne. OaiTy this one throughout the 
drawing, in the same manner as the iii'st one. Then talce up 
the third line, increasing, by very little, the distance between 
the hnes, and drawing it a little finer. In this way, go on, 
adding one liue at a time to eveiy shore on the drawing, in- 
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creasing very gi'adoally their intervals, and diminishing, aa 
gradually, their thiclmeas. These lines should Tae drawn clean, 
and as steadily aa the hand can make them. Take a veiy 
short hold of the pen, resting the point of the middle finger 
upon the paper. Each line should be of uniform thieknesa 
throughout its length, and kept constantly at the same distance 
from the one last drawn. Draw always towards the body, 
turning the drawing as before directed, and keep always tlie 
line last drawn to the left of the one in progress, so that the 
distance between it and the point of the pen may be con- 
stantly Watched, The lines must be completed successively, as 
above directed, for the following reasons ; — 1st. The eye be- 
come accustomed to the interval employed, and thus the eon- 
fusion attendant upon carrying on at the same time, thi-ee or 
four lines having different intervals, is avoided. 2d. By this 
equal distribution of the lines, symmeti'y is insured, because 
whatever be the width of different channels {Fig. 24, at B), an 
equal graduation of tint from every shore is obtained, and the 
shading lines meet in the middle, which might not always be 
the case otherwise. 3d. It enables us to conform to a princi- 
ple, which is, that every line must return, to itself, and no ^iral 
lines are admitted. But sometimes two lines will coalesce, as 
at e 0, Fig. 24, where they join into one at d, and afterwards 
separate into e e. The last line, in the middle of a piece of 
water, must be a line returning to itself, and not a spiral. 
When the shading lines meet the margin of tlie drawing, they 
are cut off; but they are di'awn as if they were to be continued 
out of the margin. These insti-nctions may seem over minnte, 
but the beginner must be warned that this is the most tedions 
and uninteresting part of topographical drawing, and requires 
great care and patience, in order to produce a good effect. 
High and low tides are represented thus {Fig. 24). bis. Draw 
the shore line for the high water-mark, and the shore line for 
the low water-mark. Then commence from the higli water 
line, graduating outwards until the low water line is met, which 
must be regarded as a miwgvn for the shading lines, and in 
which they must terminate. Then commence anew from the 
low water-mai-k, with a new graduation, which is carried on 
uninterruptedly, 
54. Smaller bodies of water, such as ponds or pools, are 
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represented "by a tint of fine, iinbroken lines ruled across tbem 
parallel to the base of the drawing {Mff. 25). Eivulets, or 
very small streams are represented by one, two, or three 
lines, according to theii- magnitude {J^'ig. 25, at A, B, and 0), 

55. The sign for marsh is composed of a mixture of the two 
aigns for water and gi-ass land, as in Jf'ig. 26, where the water ia 
indicated by fine and full hnes, ruled always parallel to the 
base of the drawing, and grouped in an irregulai' mannei', so as 
to leave small islands interspersed through it. Th^e islands 
are filled with grass, drawn as will hereafter be described, with 
here and there a tree. The division between the land and 
water shoidd be first sketched lightly with a pencil, as a guide 
for ruling the lines. The textui'e, as to fineness, of this sign 
should be regulated by the scale of the map, and be consistent 
with the other lines in it, in that respoct. Distinctions have 
sometimes been made between salt and fresli marsh, deep 
morass, &c. ; but this ruled sign is the neatest form, and does 
not charge the memory witli nice distinctions, which can easily, 
if required, be expressed in small letteiing, upon the drawing. 

56. J'hrest, being one of those features whose conventional 
sign is intended to suggest, in some degree, the object itself, is 
represented by characteristic lines, resembling a pen drawing 
of a tree as seen in horizontal projection, with its shadow upon 
the ground, cast by parallel rays inclined 45° to the horizon. 
The only distinction between the various forests, that can be 
recommended, is to reserve a particular sign for pmes, and to 
include all other kinds in one chai'acter of foliage, .?%. 27, at 
A, shows a pine forest, where the sign has a star-like foi-m, and 
is darkened towards the right hand and lower side,'where the 
shadow is placed. At B is the sign for all other forests, where 
the character of the outline is round, with a few touches of the 
pen on the interior, and towards the shadow. This outline, to 
have a good effect, should be made with simple curves, firmly 
drawn, and not be cut up by smaller indentations, as in fig. 27 
(bis), the bad foi-ms of which are also to be avoided. The trees, 
and masses of trees, must be disposed in every possible vai-iety 
of position, avoiding carefully all arrangement in lines, or 
Tegular figures. Their size depends upon the scale of the map, 
and should consist witli the dimensions of buildings, the width 
of roads, &c. The sign in J<'igs. 27 and 7, at 0, indicates an 
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ornamental grove, shaped by art, and is used in representing 
parlts, gardens, &c. Orchards are shown by placing single 
trees, with their shadows, upon the intersections of two sets of 
equidistant parallel lines, drawn at right angles with each 
other, as in ^i^. 38. One set of these lines is usually placed in 
the direction of one side of the inelosure. The lines should be 
drawn in pencil, and afterwards erased. Single trees are 
drawn, as shown in J^iff. 29. The shadow is detached from the 
outline of the tree, and is intended to have an elliptical form. 
Wlien the scale is small, a single tree becomes a simple circle, 
touched with the pen, on the side towards the shadow. Some 
topographers prefer to draw trees in elevation, as in fig, 30, 
This metliod certainly rendei"a it easier to describe varieties of 
foliage, and may be used with as good effect as the other, 
according to tiie fancy of the draftsman. When trees occur 
upon a hill-side, the shading lines of the hill-side should be in- 
terrupted, in order to receive the body of the tree, but not its 
shadow, which may be drawn independently of them when the 
slope is shght ; but when it is steep, the shadows may be 
omitted, and the trees must be shaded dark, so as to be nearly 
of the same color as the shading of the slope, and, at the same 
time, the forest may be represented as less dense than it is 
usually drawn upon a more moderate inclination. 

57, Okwred land, grms, or meadow, is indicated by groups 
of short lines, arranged like tufts of herbage. Each of these 



little figures is drawn with its base always fo/raUel to the base 
of the drawing, whatever may be the shape of the inelosure 



containing this sign. They must likewise be spread evenly 
over the paper, not too thickly, and all appearance of regu- 
larity or approach to arrangement in lines must be avoided, 
as directed for forest (see Fig. 31). Each tuft is composed ot 
from 5 to Y lines, drawn as if converging in a point below 
the base, as is shown on a large scale at A— the middle lines 
being the longest, and the extremes mere dots. The base 
must be a straight line, not curved, as at B, 

58. Oiiliwated land is represented by alternate broken and 
dotted lines, suggesting furrows. These are, for the sake of 
variety, made to a^ame different directions, one setof them being 
generally parallel to one of the sides of the inelosure {Mg. 32), 
The ground must first be prepared by drawing light pencil lines, 
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ecLuidistant from, and parallel to, each otlier, iu sets. These 
pencil lines must be ruled, and if they cannot be spaced off by 
the eye,'their intervals must he determined, and marked by 
dots. Then draw the broken and dotted lines hy hand, over 
tJie pencilled guide lines. The joints in the broken lines must 
not be opposite to each other, and the hreaks, or vacancies in 
the lines, must be very short. The dots of the dotted lines 
must be made by touching the point of the pen to the paper, 
and immediately lifting it off, without draggmg it over the 
paper ; this will make a round dot. Tlie dots must be fine, 
and close together. As before remarked, it is scarcely neces- 
sary to distinguish between the different kinds of. cultivation, 
as it is the most variable of all topographical features. If it be 
desirable to describe the existing crop, it can always be done 
by a few words, neatly lettered on the drawing. 

59. Uneultwated land, which is not forest, hut such as 
brushwood, heath, prairie, &c., is represented by mixing tufts 
of grass with small bush^, of less dimensions than those of the 
trees in the sign for forest (Fig. 33). 

60. Samd amd gravel are shown by dots — the latter rather 
coarser than the former.. In malting' these, the pen should not 
be jerked over the paper at random, but slowly put down and 
taken np, and never without an vntenikm in regard to the 
position of every dot. Make them as directed in cultivated 
land, and avoid all arrangements in lines (Mg. 7, at D). In 
sand-hills, let the sid^ of the slopes he made darker than the 
level parts, by making the dots closer together, in order to 
produce a deeper tint, or shade. 

61. The different forms of signs for buildings, inclosures, 
roads, &e., &c., are given in Fig. 34. The equidistant lines 
representing a road, can, when curved, and therefore to be 
drawn by hand, be conveniently drawn thus ; — ^Take a right- 
line pen, and open its two blades to the desired width of the 
road ; then place some India ink upon the inner face of eadi 
blade, in such quantity as not to allow the opposite ma^es of 
ink to run together. Then, if the pen he drawn over tlie 
paper, the two points will describe two equidistant lines. 

62. It must he remembered that the dimensions of all these- 
signs are variable, and must correspond with the scale of the- 
drawing. This just proportion may he gained 
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tlie projected dimensions of buildings, then.' cla^, as to being 
faiin houses, mansions, public institutions, &c. ; for it ■would 
not be consistent to make a tuft of grass as large as a country 
seat or a college. 

6S. All that has been said in regard to the manner of execute 
ing the conventional signs with a pen, will apply equally to 
sketches, or even finished di'awin^, made with a pencil or any 
, instmment which produces lines. But there is another method 
of topography, now coming into very general favor, viz. tliat 
of, expressing the different states or conditions of ground, and 
even its variations in level, by means of calm's, the manner of 
using which wiU now be considered. 

64. The firat thing necessary to be done, in order to prepare 
a sheet of paper for a tinted drawing,, is to strain, or stretch it, 
so that it will not remain blistered after being wetted by the 
laying on of the tints. ~ I^or this purpose the paper must be 
moistened, and laid flat upon a smooth and clean board, and 
before it dries, the edges must be fastened down with glue, or 
very stiff paste. By moistening the paper, it is expanded, and 
if its edges are secured while it is thus enlarged, its shrinking 

. in the act of drying causes tlie strain, which keeps it flat, and 
enables it to restore itself in drying, after it has been blistered 
by wetting. 

65. Having thus prepared the paper, the lines of tlio draw- 
ing will be put upon it, first in pencil, and afterwards with a 
■wy fine ink line. The ink, although black, must not be 
thick; for, when the lines (outlines only) of all tlie T 



roads, buildings, &c. 



i drawn, and all the pencilled lines 



erased, then the drawing must be washed, either by exposing it 
to water dashed over it, or by quickly passing a soft sponge, 
well saturated, across its surface. This is done for the purpose 
of removing those portions of the ink, which a wet brush would 
detach from the paper in laying on the colors, and which, 
mixing with the tint, would injm-e its purity. When dried, tlie 
drawing will be ready to receive the conventional tinte, which 
are expressed by the following colore, either used singly or 
compounded, 

66. They are five in number, viz. Indigo, Carmdne (or Orim- 
son Lake), Gamhoge, Bv/mt Siemia, and TeUow Ochre. In using 
and mixing these colore, it must be observed that Indigo is the 
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most powerful, aud Gamboge the wealtest; and that Yellow 
Ochre does not combine well with any of the othera; but is need 
alone. 

67. Before proceeding to consider the significance of these 
colors and their combinations, it is necessaiy to explain the 
mechanical conditions to be fulfilled, and the rules to be 
observed, in order to insure neatness and facility of execution. 
"When a tint is to be mixed, let the end of the cake of color be 
wetted, and allowed to soften for a minute or two. This will 
cause it to rub smooth, and free from small fragments, Tlien 
moisten (only) a perfectly clean plate or saucer, and rub a suffi- 
cient quantity of the color upon it, as much as will tinge to the 
proper intensity (say) three or four tablespoonfuls of water, 
which being added to the color, and mixed by the brush, the 
tint is ready for iise. Let the paper be inclined aboht live 
degrees to the horizon, the lower edge towards Uie body. This 
18 done that the color may flow easily over its surface, for the 
whole art of laying on a fiat tmt consists simply in allowing 
the coIo ed water to flow over the paper, which is uniformly 
tinged as it passes over. To spread the color, begin with a fall 
brush at the top of the figure (suppose it to-be a rectangle), and 
cause it to lie neatly along the upper outline, then strike the 
brush from left to riglit, and from right to left, alternately, 
bringing the tint down in horizontal bands or stripes, control- 
ling it neatly and exactly witliin its proper outlines, and keep- 
ing the surface of the paper well wetted with tlie tint. As 
long as tliis is done, the tint can be carried on witli perfect 
continuity. On arriving near the lowei' outhne of the figure, 
the quantity of tint must be diminished, so as to leave just 
enough in the brush to finish, without allowing the color to 
accumulate upon the lower outline. In no case, anywhere on 
the drawing, must tlie color he allowed to lie in puddles, or 
drops. The art of laying a flat tint is so easily acquired, with 
a very little practice, that the only difficulty in it is the out- 
line, to conform to which requires some care in using the point 
of the brush. When the colored water has once thus fiowed 
over the paper, the tint is fimiahed, and must not be touched 
again ; for if there bo any little defect in it, one trial will show 
that any attempt to remedy it while the color is drying, will 
only make it worse. In laying tints of complicated shapes, the 
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operation is much facilitated "by first moistening tie paper, and 
working upon it just before it dries. As the hand acquire 
sidll, it will be found that, generally, tints are better in pro- 
poiiion as they are more c[uickly laid on, and witli less of color 
in the brush. Should stains or patches occur, liowever, they 
may be remedied by wetting the whole drawing, and gently 
washing the faulty parts with a brush or soft sponge, and 
repeating the tint lightly, should it be' too much reduced by 
washing. Tints that are too strong may be rendered weaker 
by the sponge, in the same manner, and some may even be 
removed entirely. White spots left in. a tint may be filled up, 
after it is dry, with the point of the brush, taking care not to 
apply the color wher-e the paper is already tinted, as that would 
double its intensity, and make a dark spot. The Iniife should 
never be used for erasing on a tinted drawing, as the color 
sinks, and becomes intense, wherever the paper is scratclied. 

68. After the fiat tint it will be necessary to practise the 
aliettude or double tint. This consists of two colore, applied 
alternately, tlieir edges being allowed to melt into each other. 
For this purpose, two saucers of tint must be prepared, with a 
brush for each. Begin, as for a fiat tint, with one of thS^e 
colors, at the upper outline of the figiu'e, and having laid on a 
small portion of that tint, take the brush charged with the 
other color, and before the first dries, run arovind its edge witli 
the second, fuid allow them to blend together, then resume the 
first tint, blending in tlie same manner, and so on throughout 
the space to be filled. It will be observed that the surface of 
the paper is here treated exactly as if a flat tint were being 
laid, the color not being allowed to dry anywhere. Each tint 
is spread upon the wliite paper, and therefore shows itself pure. 
The forms of the' masses of each color should be varied, and 
not made in stripes, or spots, biit irregularly clouded. The 
tints in this sign should be light, and equal to each otlier in 
strength. 

69, For the use of the colors as follows, see Mg. 36 :— 
Water, a flat tint of pure Indigo, light colored (a). 
Sand, a flat tint of Yellow Ochre (b). 
CuUwaiion, a flat tint of Bm'nt Sienna (c), 

Groiss Land, or deared grovnd, a flat tint of green, composed 
of Indigo and Gamboge, the latter predominating (d). 
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OnculUvated Lcmd, oi- Brushwood, a double tint of alternat* 
green, as for cleai'ed land, and Burnt Sienna, laid on as de- 
scribed in Pm". 68. This sign may also be made witli alternate 
Green and Crimson Lake, it being the only doHble tint used (e). 

Bmldmgs^ and in general all masonry, such as bridges, locks, 
walls, &e., are tinted with Crimson Lake, and shadowed with 
a neutral mixture of Indigo, Burnt Sienna, and a little Lake. 
For this, and all other purposes of light and shade, as in forest, 
&c., the light is supposed to enter the drawing at the upper 
left hand comer of ilie margin, in parallel rays, incKned 45° to 
the horizon. The shadow of any object will, therefore, sur- 
round its lower and right hand outlines.- After the shadow has 
been placed, the outlines must be strengthened, by making it a 
heavy black line on the sides opposite the light (f). This re- 
inforcing the outline is always the last work on tlie drawing, 
and must never be undertaken while any brush-work or tinting 
remains to be done. 

Roods, streets of towns, and all poi-tions of the drawing not 
particularly described, are tinted with Tellow Oclire. 

70. In the signs for Forest and Marsh, some attempt is made 
at a resemblance to the things signified, and a more minute de- 
scription of the method of executing them will be required. 
"Sov forest {Fig. 36, g) the ground is first prepai'cd by laying a 
flat tint of green, exactly as for cleared land. Then with a 
very hai-d and sharp lead pencil, or a pen with pale ink, groups 
and masses of trees are drawn m ovilme, as described in Par. 
56. Then, with Indigo and GJanjboge, mixed in the brusli to 
the same tint as the ground color already laid on, but a little 
more intense, each ti'ee and mass of foliage is shaded on the 
right hand and lower portion. An orange tint, made of Gam- 
boge and Burnt Sienna, is then touched upon the side next to 
the light. These two tints should just fill up the outline, the 
green occupying about two thu-ds of tbe figure. This finishes 
the ti'ee. It only remains to add tlie shadow upon tlie gj-ound, 
which is made and laid on as directed in Par. 69. For single 
trees, as in orchards, the shadow is detaohed, but in masses of 
foliage, it is laid clcrae to the outline (h). The above is merely 
a formula for this sign, but there is always an opportunity for 
the taste of the draftsman to produce a good effect, by present- 
ing trees somewhat in the manner of landscape painting. 
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Tl. Mm-sh, as in pen-dramng, is composed of a mixture of 
the signs for water and cleared land, which interlace horizon- 
tally, that is, always pai-allel to the base of the drawing (i). 
The green tint of marsh is first to Be laid in with a brush mode- 
rately charged with the color for cleared land. In doing this, 
attention must be paid to that part left white, which latter must 
be rather less in quantity than the gi-een, and must resemble it 
in form, projecting its horizontal points into the green, just as 
the green projects into the white. The outer limits of a marsh 
must be made up of an outline of projecting gi-een points. 
When that is done, a thin shading line must be drawn along 
the lower edge of the gi'een. This is composed of Indigo and 
Burnt Sienna, and must be confined within the limits of the 
green tint, and not allowed to touch the white. Tliis finishes 
the land portion of the marsh. The water is represented with 
very light indigo, laid on in horizontal sti'caks of vaiied width, 
just filHng up the white spac^e without encroaching on the 
green. The introduction of a single tree here and there assists 
the good effect of this sign. 

72. In painting the trees in forest, and shading the banks of 
marsh, &c., it is not necessary to mix tinjs in a saucer. It will 
be suiScient to rub the three colors, Lidigo, Burnt Sienna, and 
Gamboge, side by side upon the same plate, and with a proper 
quantity of water in the brash, to mix them to the proper color 
and intensity, so that they may be applied without lying in 
drops upon the paper. 

73. In regard to the representation of slopes and declivities, 
the principle heretofore laid down, viz. a steep or a gentle slope 
being indicated hj a darker or lighter color, must be here fol- 
lowed. The tint uSed to replace that produced by the pen- 
lines, is composed of Indigo and Burnt Sienna, when the ground- 
work is green ; and when used over sand, or cnltivation, a httle 
Lake is added to the mixture in order to nenti-alize its greenish 
hue. This shade tint is always laid on after the ground is 
covered with an appropriate sign, and as no hard edges can be 
admitted, the following method is used to avoid tliem (k) :^ 
"With clean water in the brush, moisten well the paper along 
the line of the crest of the slope, and before it dries begin in 
tlie lower edge of the moistened part to lay on the shade of the 
slope. Proceed down the hill with it, laying it on like a flat 
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tint, until the lower limit of the alope is reached, when, while 
the shade tint is still moist, it must be soitened off, or blended, 
with a brush and clean water. If the slope be of great hori 
zontal extent, its sides may be shaded in successive portions- 
provided no hard edges al-e left on the tint, hecanse a slope can 
never be finished by once tinting, bnt requires repeated touch- 
ing, so that the proper depth of shade may be procured, and 
80 tliat all the detailed variations of declivity may be indi- 
cated by corrraponding degi-ees of intensity. Then if the 
joints of the tint are made in different places each time of 
going over, they will not show themselv^. This method of 
representing hills is very expeditions, but its effect can be 
much improved by the addition of light shading lines drawn 
with the pen, either with pale ink, or a mistitre of Bnmt 
Sienna and Indigo. 

1i. In reference to the general effect of these tinted topo- 
graphical drawings, two tilings ai-e to be considered in the . 
colors, viz. the quality of tlie mixed tints, and the strength or 
intensity of color. Greens should not be of a cold quality, 
Bueh as is produced by too much blue, but of a lively hue, 
which is produced by a predominance of Gamboge. As to in- 
tensity, everything should be subordinate to the condition of 
clearness ; next, the tints must be clean, transparent, and rather 
light, so as not to mast any of the details of the drawing. 
They must be of sufficient streugtli, however, to he readily dis- 
tinguished from each other at once, and even a very little 
sti'onger than necessary so as to allow for fading. 

All tints' that ai"e much extended ought to be iala/need, that 
is, no one ought to obtrude itself upon the eye by its too great 
intensity. According to the terms of art, everything should 
be " in keeping," and spottiness avoided. Thus forest, brush- 
wood, and cultivation, ought to be kept about equal in strength. 
Cleared land, marsh, sand, and water, may be made of eqiial 
intensity, but all a littife lighter than the other signs. Tints 
that are of small extent, may be a little exaggerated in inten- 
sity in order that tiiey may be readily distinguished. Build- 
ings, being objects of small extent, and having a certain im- 
portance, require a well mai'ked red tint, shadow, and shaded 
ontiine. Villages, with their gardens, orchards, &c., should 
generally be represented a httle stronger in the tints that com- 
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pose tliem, tlian the general tone of the stirroiindiiig eountiy 
{Mg. 36, at in). 

76. The order in which the tints for the different signs are 
successively laid on, is a mattei' for the experience and skill of 
the di'aftsman to decide. It is generally thought better, in or- 
der to insni'e a proper balance among them, to begin with the 



76. Cnltirated ground is sometimes striped {Fig. 36, at c) in 
the manner of fun-ows, with lines of red, yellow, blue, orgi-een, 
lightly laid on, and in various directions. 

77. Inclosiires are represented as follows. Hedges by gi'een 
dots, vaiied in size, for bushes, with the shadows. Hasonry or 
brick walls, by a line ruled with red. Wooden fences, by lines 
either ruled or hand-drawn with a pen, containing the neuti-al 
mixture of Indigo, Burnt Sienna, and Lake (n). 

78. After the delineation of all the topographical features 
heretofore described, the next most important labor of the 
draftsman is the lettering of his map. And in this depai-tment 
his responsibility as to the good appeai'ance of his drawing is 
very considerable, for nothing so surely detracts from tlie value 
of a map, viewed as a work of art, aa an awkward and \m- 
handsome style of lettering. To make, manuscript letters, imi- 
tatiug type-printing, requires a great deal of study and prac- 
tice, and to proportion the title and other lettering, so as to suit 
the scale and geileral effect of a map, is a matter of considera- . 
hie importance. As far as written directions can be of service 
in guiding the draftsman in this part of his work, the following 
rules may assist him : 1st, as to the Imne for lettering. If tlie 
map is &pen dra/wmg, all letters that fall upon the surfaces of 
lakes,, rivers, &c., or upon the sides of steep hills, or in a forest, 
should be put upon the di'awing before those features are 
drawn, for it is easier to pass their characteristic lines over the 
letters, than to draw the lettere upon the paper already so oc- 
cupied. In a tinted drawing, the letters are always the last 
drawn, as a brush cannot be passed over them without blotting. 
2d, as to the size of the letters. This depends upon two things ; 
the importance of the object described, and the scale of Sie 
drawing. The different characters or types of lettering em- 
ployed, are thus aiTanged in regard to importance ; 1st, the 
lipriff/it ea/pital; 2d, the im,dme4 capital; 3d, t/is upright Bo- 
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Tfrnn, or ordinary small type ; and 4tli, tke small Italic. The 
first of these cbaractera belongs to such objects as large cities, 
an extensive forest, a bay or gulf, an island, or a ettnsiderable 
mountain or river. These same objects, when they are of lesa 
importance, may be described in inclined capitals, as fliay also 
a village, A road or canal, in Koman small' type, and farms, 
residences, &c., in Italics. In regard to proportioning the size 
of the letters to the scale of the drawing, the following table 
will serve as a general guide, which is all that can be pre- 
tended, as an acquaintance with the way in which this propor- 
tion is arranged in drawing of merit, will furnish the best rules 
of practice : — 



B^aU. 


*«jf,:r" 


MdgU of small Momaiu 


m5 


»'»"•"■' 


oaftjft 


Sis-tentlieofanineh. 




ISd 


or two ft 




Fouv 


Eight 


■S 


or one ft. t 


o.n. 


Th.... " " 


Sis 


i 


orWrl.. 


o.m. 


Two 


Four 



The variation in height for each scale, from that of the upright 
capit-al to the italic, is gradual, and is regulated as above stated 
by the importance of the object. The ^A^ofeiess of the capi- 
tals, in proportion to the size, is one seijenth of the height of 
the letter. In lettering a drawing, it is dtsirable that all the 
names should be in Unes parallel to the base. Elvers, roads, 
canals, &c,, sometimes require the line of the letters to be both 
oblique and curved ; care must be taken, in such instances, to 
place it so that the words may be easily read without turning 
the drawing. 

7&. ThefonnaUon of the letters requires great attention and 
study. The beginner must copy from good models, all the 
different kinds of character, and thus acquire a perfect know- 
ledge of the propel' propoi-tions and expression of every letter, 
bot£ large and small. He must then exercise himself by draw- 
ing them without a. model, in order to acqnire manual skill, 
which he cannot be said to have done until he is able to form 
all the letters correctly, and give them their proper symmetry 
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and family reaeinblance, having for a gnicle only tlie two pen- 
cil lines which hmit their height. In mating capitals, each 
letter mast he fairly sketched in pencil, inclnding the thick- 
ness of the heavy parts ; the outline must then be drawn in ink, 
with a finn and steady line, and afterwards filled up with 
the pen. Whether capitals are apright or inclined, it is well 
to di'aw a few lines in pencil, parallel to the direction of the 
letters, which will serve as gnides in drawing them. When it 
is required that one or more words shall occupy a certain place 
on tJie paper (as in titles of maps, where the middle points of 
the lines He upon a vertical line), find the middle letter or 
space, and put it in its proper position, then draw the latter 
half of the word or line. Proceed from tlie centre to the left, 
and draw in the first half, by putting in the letters in inverse 
order. This method often saves repeated trials and erasures, 
I'or drawing the small roman and italic letters, the same kind 
of study with the pencil is at first required ; but as the heavy 
parts of these are made at once, by a bold pressure upon the 
pen, the operation of making them I'^embles careful writvng. 
As a preparation, three pencil lines are drawn, the lower two 
to form the upper and lower limits of the ordinary lettei-s, and 
the upper one to limit the capitals and the tops of the ?'s, (?s, 
&c. The parts of these letters are of two kinds, viz. : curved 
and strmgM, which should be carefully distinguished from 
each otlier. For example, a, c, g, o, s, &e., are composed en- 
tirely of curves. They must be symmetricaliy drawn, and the 
width of the ordinary letter must be only a little less than its 
height. The round part of a ^ does not reach quite to the 
lowra: line. The letters I>,d,^,h,j/i, n,^, q, &c., are composed 
both of curved and straight parts. The ' uprights of tliese 
letters must be made perfectly straight from -top to bottom, 
with a little horizontal return, pointing to the left at the top, 
and at the bottom to the right. The m and n, although cmwed 
at the top, m'ust be brought down sbraigM to the lower line, 
with a return pointing to the right. These returns must always 
form a sharp angle with the line of the letter, and not be 
Townded. See Fig. 3T for the application of these niles. The 
letters i, S, I, v, w, x, and z, being composed entirely of right 
lines, care must be taken to keep their elements straight. The 
beauty of this kind of manuscript depends more upon the 
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regularity and nrntual likeness of the letters, than upon their 
individual character. In italics, the inclination of the lines 
must be everywhere the same. As compared with clear 
roman or itaKc type, manuscript lettering ought to occupy 
rather more horizontal space, and always looks better when 
somewhat extended ; crowding it injures its effect very much. 
The httle returns at the top and bottom of the straight parts 
may alao be inclined a little from the horizontal, the left hand 
extremity of it pointing a little downwards. "WTien executed 
with freedom and 1'egularity, there is a peculiar beauty in let^ 
tering with the pen, which does not depend upon a resem- 
blance to printed work. Finally, the merit of a map as to 
accuracy even, is not safe from doubt, when, however correctly 
drawn, its style of lettering marks a want of knowledge or 
skill in so simple a matter as the formation of the lettere of 
one's language.. 

80. A map being drawn and lettered, to complete it there 
are req^uired a border, a deacriptive title, and the meridian 
line, and the scales. 

81. First. The dord&r. The taste and fancy of the drafts- 
man may sometimes suggest such a comptsition of lin^ or 
figures for this purpose, as will greatly embellish a drawing ; 
but if a plain one is required, the style generally adopted is a 
double line, ono'heavy one on the exterior, and one light inte- 
rior one, the heavy Kne having the same' breadth as that of the 
blank space between it and the light line. As the map is gene- 
rally a rectangle, the rule usually followed for proportioning the 
breadth of the border (including the two lines and the space 
between them) is, to make it tlie one hundredth part of the 
length of tlie short side of the rectangle. A quill pen, with a 
very broad point (cut oif, not square, but by inclining tlie 
cutting instrument towards the body), and without any spUt, 
is the best instrument for drawing very broad ink lines. 

82. Second. The title. This may be placed outside the bor- 
der, if it takes up only one line ; but if it requires several, then 
it must be placed within it. The letters composing the name 
of the looaUty, which is generally the most important word, 
should not exceed in height three hundredths of the length of 
the short side of the border. The lettci-s of ,other words are 
varied in size according to the importance of the words they 



by Google 



u 

compose. The execution of the title furnishes another oppor- 
tunity to enhance by its ornamental character, the beauty of 
the drawing. It ought to occupy one of the corners of the 
map, and to have the middle points of all its lines of words or 
phrases, upon a vertical line. It should state, in small letters, 
the name of the di-aftsm'an, the dates of the surveys, and of the 
drawing, and under whose direction executed. 

83. Third. The nheHdian, or north cmS, south line. This is 
an indispensable adjunct to every topographical drawing or 
map. When the extent of country represented is veiy consi- 
derable, it is generally managed so as to make the top of the 
sheet the north side of the limits. The upiight sides of the 
margin are then north and south lines, and the word " north" 
may be written outside and above the upper border. But if 
the shape of the ground included does not conveniently admit 
of this arrangement, then a meridian line must be determined, 
and projected upon the map. The importance of this line is 
evident, as without it no just idea of the situation of tlie loca- 
lity with reference to the surrounding country can be obtained ; 
nor could the drawing be compared, or used in connexion witli 
any other map, unless it has this fixed line of direction, which 
is common- to all. The true meridian cannot be determined by 
the magnetic needle, wluch does not always point to the geo- 
graphical pole ; but' the following is a very easy way of find- 
ing it by means of a plummet and a watch. At some point 
laid down upon the map, suspend a plumb-line over a fable, 
which has been made exactly horizontal. The line should 
hang from the very extremity of a pointed rod, which should 
be inchned about 45° to the table, and directed towards the 
north. The plumb-hob should have a sharp point, which must, 
as nearly as possible, touch the table. At any two moments 
equally distant before and after twelve o'clock, say at 9 A.H. 
and at 3 P.M., mark exactly the extremity of the shadow cast 
by the rod, and from each of these' points draw a line to the 
point immediately under the plummet, A line bisecting the 
angle formed by these two lines, will be a true meridian, if 
the watch indicated the time noon, and has not altered its rate 
of going between nine and three o'clock. It is easy to prolong 
the line thus fotmed, and to project it on the map, either by 
finding upon its prolongation some other point laid down on 
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the map ; or if tHere be none, by measuring tlie angle between 
the meridian and a line joining the plummetj and some other 
known point laid down. The meridian may be found without 
using a watch, by marking the extremities of two shadows of 
ec^ual length, one cast by the sun before, and the other after 
noon. It is nsual to make the meridian line a conspicuous one, 
and to ornament Its north extremity with some fanciful device, 
though a simple arrow-head, with tlie letter N, will answer all 
the purpose. 

84. Fourth. The scales. Every drawing should have two 
scales— one the scale of spaces, from which to deduce the 
degree of declivity, as explained in I'ar. 34, and tlie other, the 
scale of horisontalr dista^ices. They should be carefully mea- 
Bored and drawn upon the map, in any convenient position 
within the border. For the scale of distances, the length of 
line measured ought to be between a fom'tli and a third of the 
long side of the border. 

85. The conventional signs for bridges, roads, &c., and other 
topogi'aphical minutiaa, are exhibited in Mg. 34. The nature 
of each object there represented may, if desirable, be further 
explained by descriptive lettering; for example, a mil], or fac- 
tory, being indicated by the pi'oper general signs for snch ob- 
jects, can better be described in letters as a iiour-mill, or clotli 
factoiy, &c., than by making a different sign for every kind of 
mill. Numerous signs, differing, as they must, veiy little from 
each other, are eitlier a heavy burden to the memory, or are 
unintelligible without an explanatory table. 

or SCALES. 

Before projecting upon a map the data collected by a sur- 
vey, it is necessary to decide upon some scale of horizontal 
distances, suited alike to the purposes for wliich the map is 
intended, and to the nature and amount of detail that it is 
recLuired to represent. If the scale is too small, it banislies 
many details that might be desirable ; if too large, it produces 
an unwieldy drawing. In order that a scale may be a conve- 
nient one for nse, it is necessary, on the one hand, tliat the 
dimensions measured on the ground should be converted, with- 
out calculation, or by an easy effort of the mind, into the cor- 
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^ dhnensions on tlie map ; and on tie other hano, 
that the dimensions of the ground slioiild be juat as easily ia- 
feiTed from those of the map. 

For example, in the scale of one foot to a thousand feet, or 
j-^-g-^, one hundred feet of the ground is represented by one- 
tenth of a foot on the map, or .1, one hundred and fifty feet by 
.15, and one htmdred and seventy-eight feet by .118, or 178 
thousandths of a foot, which bears so close a relationship in its 
figiu'es, to the distance measured on the ground, that it can he 
at once taken in the dividers from a scale, which wiU hereafter 
be described. On the contrary, a scaleis inconvenient for use, 
when the denominator of its ratio is such a number as ts^-h, or 
eight inches to a mile, or tosToi which is six inches to one 
mile. The long measure used in our country, fiz. -miles, 
yards, feet, and inches, has been the means of retaining these 
arbitrary ratios in use among our di'aftsmen, but in the service 
of the United States Coast Sm-vey, the decimal scale is adopted 
for all maps. , The French long measure being expressed en- 
tirely in decimals, makes the application of the decimal scale 
perfectly.appropriate ; but with us, it is easier to estimate dis- 
tances by miles, half miles, and yards, than by thousands or 
hundreds of feet. It is proposed to treat of both tliese kinds 
of scales, and to show how arbitrary ratios may be expressed 
by a diagonal scale of equal parte. 

There are two scales to be constracted for a map :— One, the 
scale of distances, which the draftsman puts upon tlie drawing 
after it is finished, and which is used only in finding and com- 
paring distances on the paper ; the other, the scale of construc- 
tion, intended to furnish the smallest measurements that may 
be required in projecting dimensions on the drawing. 

To construct the scale of distances {Mg. 38), draw a right hne 
with the pencil, and supposing, for example, tlie scale to be 
^_L_^ divide it into equal parts, each one tenth of a foot in 
length. This ought to be done with the graduated edge of a 
good scale, for though the compasses would give eqnal divi- 
sions, yet we could not be sure that each one was exactly ^V of 
a foot, or that the sum of ten of these would be exactly equal 
to one foot. Above these points of division write the numbei-s 
0, 100, 200, 300, &c., to 1000. Then 2000, 3000, &c., at intervals 
of a foot. Prolong the measured line on the left of the zero, 
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and lay off tbe distance of one tenth of a foot, wliich mnst be 
divided into ten equal parts, and numbered in their order from 
the zero to the left. Pnt this line in ink, and draW beneath it 
a heavy hne, say two-hundredths of an inch wide, and at a dis- 
tance below the first line ecLtial, to its width. This heavy line 
should not pass to the left of the zero of the scale. Then with 
a right-hne pen, rule the divisions before measured off, drawing 
them perpendicular to, and acrtes both lines of the scale. If 
it should be recLuired, for example, to take from this scale a 
distance 'of 180 feet, place one foot of the dividers upon the 
point marked 100, and cai-ry the other beyond the zero to the 
left, until it comes to the division marked 8°. The compasees 
will then include the required distance. Any odd number of 
feet will be found by supposing each of the small spaces on the 
left of the zero to be divided into ten equal parts, and placing 
the foot of the compasses accordingly. 

The scale of consiruotion {Fig. 39), being intended to express 
smaller dimensions than tlie scale of distances, which, it will 
be observed, shows nothing smaller than hundredths of a foot, 
is constructed as follows. After having subdivided and num- 
bered a right line as before, let fall pei-pendiculars from every 
point of division, then draw ten otlier lines below, and parallel 
to the fiist, equidistant from each other. This equal spacing 
may be two tenths of an inch, or less, or more, provided it be 
constant for each space. Now in the space of the ^^ of a 
foot which lies on the left of the zero, di'aw the diagonal lines, 
as in the fig., by joining the first division on the left of zero 
{the point o) with the point S, and drawing through the points 
30, 30, 40, &c., hnes parallel \s>l>c. From this construction, and 
the properties of similar triangles, it is evident that .that part 
of the line AB (the second line from the bottom), which is in- 
cluded between the sides of the triangle o J c, is equal to one- 
tenth of 0, the base of the triangle ; that the con'esponding 
part of the third line, CD, is equal to two-tenths of the base, 
0, of the fourth line, it is equal to three-tenths, and so on. 
But the base, o o, of the triangle is the ,1-^ part of a foot, 
therefore the parts of the hoi-izontal lines intercepted by ite 
sides are, respectively, ri^st t^ot, tto oi i^c., of a foot, which 
fact is expressed by the figm-es 1, 2, 3, 4, &c., upon those lines. 
If it be required to find from this scale, a distance of 277 feet. 
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place one foot of tlie dividers at d, on the vertical line niim- 
tered 200, and upon tlie horizontal Hne numbered 7, then place 
the other foot at e at the intersection of the same horizontal line 
with the diagonal numbered 70, and the distance will con'cs- 
pond to 277 feet. This is called the diagonal scale of equqlpwrts, 
and a scale thus constructed is applicable to aU decimal ratios, 
the numeration only changing with the ratios. K the distances 
are expressed in other terms than in feet, the top line of the scale 
muet be divided according to those terms. For example, if the 
scale were one inch to a hundred feet, the upper line of the 
scale must be divided into inches, and the inch on the left of 
the zero into tenths. Then the ten horizontal lines, and the 
diagonals, wiU express hundredtl^. of an inch, or one foot on 
the ground. If, instead of using brass or ivory scales, the 
draftsman makes tlie scale himself, which ia to be preferred, it 
must be made upon a piece of the same paper as the draw- 
ing, so that there will be no unequal variations in the scale and 
drawing, caused by heat or moisture, which affect different spe- 
cimens of paper very differently. ' 

Other ratios may be expressed on the diagonal scale by the 
following method : Suppose it is required to construct a scale 
of 2i inches to 1 mile, which shall be capable of measuring 
any odd number of feet. The ratio of this scale is jgVi"! that 
is, one foot of the drawing corresponds to 2640 feet on the 
ground. Then one inch of the drawing (and of the scale to be 
constructed) con-esponds to -t|^, or 230 feet, and one-tenth of an 
inch to 22 feet. Draw the line of the scale as before [Fig. 40), 
divide it into inches, and number the points of division from the 
zero to the right, 0, 320, 440, 660, 880, &c. IXvide tlie inch 
on the left of the zero into ten equal parts, and number them 
0, 22, 44, 66, 88, 110, &c., from the zero towards the left. IJ"ow 
draw.efe«en parallel and equal-spaced lines below the first one, 
and draw the diagonals in the space on the left of the zero. It 
is evident, from an inspection of this scale, that the parts suc- 
ctesively cut off upon the horizontal lines by the sides of the 
triangle oho are, commencing from the line next to the lowest, 
respectively equal to -j-V) -^i tt? &c-j of 22 feet, or the base of 
the triangle, which ia one-tenth of an inch, or in other words, 
they are respectively equal to 2, 4, 6, 8, 10, &c., leet. Single 
feet are found by placing the compasses midway between the 
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horizontal lines. This scale is very much inferior, in point of 
convenience, to the decimal scale, on account of the compli- 
cated nnmbers which express its divisions, the addition and 
subtraction of which cannot be readily effected by a mere men- 
tal operation. Other scales may be constructed as follows ;— 12 
inchsa to a rmley or j-^^ : Divide the line into inches, and num- 
ber the divisions 0, i40, 880, &c. Divide the inch on the left 
of the zero into eight equal parts, each of wliich will be 55 
feet ; draw eleven lines below and parallel to the first line, and 
draw the diagonals. The parts cut off on the horizontals by 
the sides of the triangle, will be successively 5, 10, 15, 20, &c., 
feet, 8 ■mohes to 1 mile, or ,^j^ : Divide the scale into inches, 
and the left hand inch into ten parts. Draw eleven horizontal 
hues below, and the diagonals ; the parts then cut off will be 
6, 13, 18, 34, &c., feet successively. 6 inches to 1 mile, or 
Tffiffo * Divide the line into inches, and tlie left hand inch into 
dght equal parte. Draw el&aen horizontala. The distances cut 
off will be 10, 30, 30, 40, &c., feet. 4 inches to 1 mile, or rsh-s '■ 
Divide the lino into inches, and the left hand inch into eight 
parts. Draw eleven horizontals, and the distances will be suc- 
cessively 15, 30, 45, &e., feet. The subdividing qualities of all 
these scales may be increased by augmenting the number of 
the horizontal lines. For example, in the scale of 6 inches to 
1 mile, if there were 23 horizontals instead of eleven, the suc- 
1 distances would be 5, 10, 15, 20, &c. If the horizon- 
e doubled in number in that of 8 inches to a mile, the 
3 would be 3, 6, 9, 13, &c., and if they were trebled in 
the scale of 4 inches to a mile, or made 33 in number, we 
should have distances of 5, 10, 15, 20, &c., feet. 

The reason for drawing eleven horizontals in some of the 
above described scales is, that the number 11 is an exact mul- 
tiple of the number of feet represented by the divisions of that 
part of the line on the left of zero. A great multiple ought 
to be selected, so as to have a convenient number of horizon- 
tals. To take one more example. 5 inches to 1 Trdle, or r^J^j : 
Here one inch of the scale corresponds to 1056 feet, or J of an 
inch to '^^ 133 feet. We divide the inch on the left of the 
zero into eight parts, and for the number of horizontals we 
seek tlie largest desirable factor of 132, which may be either 
32 or 12, If we draw 22 horizontals, the distances given bv 
1 
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tlie diagonals will be 6, 12, 18, 24, &c., bnt if 12 hoiizontais 
are used, they will give distances of 11, 22, 33, 44, &c., feet. 
It is evident, also, that the inch on the left of zero must "be so 
divided, as that the number of its equal parts must be a multiple 
of the number of feet corresponding to the inch, as above. 
1056 is a mnltiple of 8, and not of 10, hence we divide the 
inch into eighths, each of which is 132 feet. 

Unless these multiples can be found, the scale cannot be made 
to express whole numbers by its smaller divisions, which is a 
great defect. It is to be hoped that the decimal scale and ratio 
will eventually be adopted. 

In adopting the scale to the uses of a map the following ge- 
neral proportions may be observed : A map constructed on a 
scale of half an inch to a mile, or trsVa o-i 'wi^^ admit the repre- 
sentation of ali towns, villages, main roads, the principal cross- 
roads, and every considerable mountain and stream. On a 
scale of one inch to a mile, or yjjr¥i besides these, farms, 
woods, isolated buildings, every stream of 600 feet in length, 
and every hill of a hundred feet in height, can be represented. 
On a scale of two inches to a mile, or ari^^j the various fea- 
ttires of the ground can be clearly and accurately pr^ented, 
also every sti'eam of not less than 300 feet in length, every 
pond of more than 50 feet broad, besides all roads, isolated 
buildings, &c. The scale of six inches to a mile, or r^^g^, is 
well suited for the complete delineation of a countiy. Scales 
for projecting experimental surveys for civil purposes very sel- 
dom exceed twelve inches to a mile, or j^j-^ . Larger scales 
than these are only used in proportion to the amount of detail 
required. The decimal scales corresponding nearly to these 
^I'E' Ta-oViTffi flT^Tffj aoi-^-Hi TToTiT; ^^"^ sirVir- "^be Smallest publi- 
cation scale of the U. S. Coast Survey is to-J^,-, which is also 
the scale of the new map of ^France.* 



OF MEEIDIANS AND PAEALLELS OF LATITUDE. 

In a very extended survey, where latitude and longitude are 

* The reader is referred to the beautiful maps of tha United States Coast 
'Survey, and to the Terj elegant detailed map of France, both in course of 
^blieation, as admirable illustrationB of topogi'apliy, 
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considered, it is neco^ary to project tlie meridians and paral 
lels upon the map. If tho portion of the country included in. 
tlie survey does not exceed one liundred miles in length and 
breadth, no appreciable distortion of outlhie -wiR be occasioned 
by drawing straight lines at right angles with each other in 
order to represent them. But if a greater extent of country is 
comprehended, it will be necessary to show the convergence of 
the meridians towards the poles, and tho consequent diminution 
in the length of a degree on the higher and smaller circles of 
latitude. The following are two practiiial methods for determin- 
ing these lines in both eases : — 

Suppose, as in the first of these eases, that A B D {Fig. 41) 
is the boundary of a topographical map, upon which the meri- 
dians and parallels of latitude for every tenth minute are to be 
drawn. It is necessary, for this purpose, that the latitude and 
longitude of one point in the map should be known, and the 
direction of the true meridian 'passing through it determined. 
Suppose the longitude of the point a to be 4" 33' "West, and its 
latitude 42° 18' North, its meridian being in the direction SN. 
Draw through a the line WE at right angles with the line SN". 
This will be the parallel of latitude passing through the point 
a. Since the meridian for every tenth minute is required, tho 
first one West of « to be determined is that of 4° 30', which is 
seven minutes West of a. The first one to be determined on 
the right is that of 4° 20', which is three degrees East of a. The 
degrees of longitude expressing these distances must be con- 
verted into miles or yards, and then laid down upon the map 
according to the scale of distances. For this purpose the fol- 
lowing tables are used. Table 1 gives the different lengths of 
a degree of longitude, in terms of geographical miles, and table 
2 the same, in terms of statute miles : — 
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the Length of a Degree of Longitude for every Degree 
of Zatit-ude in Geogra/pkical Miles. 



Lot 


GiographUal 


Lat 


GeoffraMaal 


Lat 


"•sr 


Lat 


"TSf" 





aaoo 


21 


66.23 


46 


41.68 


69 


21.51 


1 


69.98 


24 


64.81 


47 


41.00 


70 


20.52 


a 


69.94 


26 


64.88 


48 


40.15 


71 


19.64 


3 


69.93 


26 


64 


00 


49 


89.86 


72 


18.66 


4 


69.86 


21 


63 


44 


50 


38.67 


73 


17.64 


5 


69.77 


28 


63 


00 


61 


37.73 


74 


16.63 


6 


69.67 


29 


62 


48 


52 


37.00 


76 


16.62 


7 


69.66 


30 


61 


96 


63 


86.18 


76 


14B1 


g 


69.40 


81 


51 


48 


54 


35.26 


77 


13.60 


9 


69.S0 


32 


60 


SS 


65 


34.41 


78 


12.43 


10 


69.0S 


3li 


60 


32 


66 


88.55 


79 


11.46 


11 


68.89 


34 


49 


74 


57 


32.07 


80 


10.42 


12 


68.68 


86 


49 


16 


58 


31.79 


Bl 


9.38 


13 


68.48 


36 


4a 


64 


59 


30.90 


82 


8.36 


U 


G8.22 


37 


47 


92 


60 


ao.oo 


83 


7.32 


15 


68,00 


38 


47 


28 


61 


29.04 


84 


6.28 


16 


67.60 


39 


46 


62 


62 


28.17 


85 


5.23 


11 


57.80 


40 


46 


00 


03 


27.24 


86 


4.13 


18, 


67.04 


41 


45.28 


64 


26.30 


87 


3,14 


19 


66.73 


42 


4496 


65 


26.36 


88 


2.09 


20 


66.38 


43 


43.88 


66 


24.41 


89 


1.05 


21 


66.00 


44 


43,16 


67 


23.45 


90 


0.00 


23 


66.63 


46 


42.48 


es 


22.48 
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Showmg the Length of a Degree of Zongifmde for eoenj Degree 
of Lai/liiude m EngUsh Statute Miles. 



Lat. 


E^. Miles. 


Lat. 


Ertg Miles 


X ; 


Ftg. Miles. 


Lat 


Eng. Miks. 





69.3000 


2S 


63 3186 


40 


48.0706 


69 


34.7992 


1 




1806 


24 


63 2177 


47 


47.1944 


70 


23.6678 


a 


69 


1578 


26 


62 711,7 


4a 


46,S08S 


71 


22.5394 


3 


69 


1052 


26 


621<163 


i1 


45,3994 


72 


21.3842 


i 


69 


0312 


27 


61 b579 


60 


44.48H 


73 


30.2820 


6 


68 


9363 


28 


61 1001 


51 


43.5489 


74 


19.0743 


6 




8208 


29 


60 6237 


62 


42.6037 


75 


17.9103 


1 


68 


6845 


80 


S9 9293 


53 


41.8453 


76 


16.7409 


8 


68 


6267 


Si 


69 3162 


64 


40.6761 


77 


16.6665 


9 


68 


3481 


32 


68 6851 


■■a 


89.6917 


78 


14.3374 


10 


68 


1489 


SB 


68 0360 


56 


38.6960 


79 


13.2041 


11 


67 


9288 


S4 


57 3690 


57 


87.6891 


SO 


12.0163 


13 


67 


6880 


35 


66 6B62 


68 


36.6706 


81 


10.8250 


13 


61 


4264 


36 


66 9B42 


59 


35.6403 


82 


9.6306 


14 


67 


1446 


87 


6o 2659 


60 


J4,aooo 


83 


8.4S34 


IG 


66 


8424 


38 


64.5d03 


61 


33.5489 


84 


7.2386 


16 




5192 


39 


63 7783 


63 


32.4873 


86 


6.0315 


17 


66 


1760 


40 


53 0100 


63 


)1.4161 


86 


4.8274 


IB 


66 


3134 


*1 


62 2259 


64 


30.3852 


87 


S.6219 


19 


65 


4300 


42 


51 4268 


66 


29.2453 


88 


2.4151 


20 


66 


0266 


43 


6C 6094 


66 


28.4464 


89 


1.2076 


21 


64 


6037 


44 


49 7783 


67 


37.0385 


90 


0.0000 


32 


64 


1609 


46 


48 9313 


as 


25.9230 







If the scale of the survey is in statute miles, the length of a 
degree of longitude, in latitude 43°, will be found in Table II. 
This length is 51.4253. To find the distance from a to the first 
meridian on the left, which is seven minutes west of a, the 
following proportion is stated : — 
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60' : 51.4353 : : 7' : the required distance, or 5.9996 miles, 
■which must he laid off from a to tlie left, and the mendian. 
drawn through the point b, so found, parallel to KS. This 
will be longitude 4° 30'. To find the distance from a to the 
iiret meridian on the right, which is. three degrees E^t of «, 
the following is the proportion to be stated :— 

60' : 51,4263 : : 3' : the required distance, or 2.5713 miles, which 
muat be laid off from a to the fight, and the meridian drawn 
as before through the point o so found. Other meridians are 
drawn parallel to iJ^S, and at a distance from each other equal 
to ic. The parallels of latitude for every tenth minute are 
determined in the same way, for the parallel WE, being 42° 
18', the fii-st onelSTorth, or 43° 20', wiUhe two degi-ees Worth of 
a, and the firat one South, or 42° 10', will be eight degrees 
South of a. The following proportions may then be stated, 
noting that the length of wei^y degree of latitude is sixty geo- 
graphical miles, or 69.2 statute miles : — 

9.3 : : 2' : the distance Worth of a, or 2.3 miles, 
9.2 : ; 8' : the distance South of a, or 9,2 miles. 

Parallels of latitude are drawn through the pointe d and e, 
thus determined, and othera parallel to them, and to WE, at a 
distance apart, ' equal to de. The above fractional parts of 
miles may be reduced to feet or yards by mvdtiplyhig the 
decimal fraction by 5280 feet, or 1760 yards. 

In the second case, or where the survey covers a gi-eater 
extent of surface tlian a hundred miles in length and breadth, 
the meridians must converge, and the parallels of latitude must 
conform to them. The following is a simple construction for 
this piu'pose, by which any portion of the earth's surface, mea- 
sured by degrees, is represented by a similai' portion of the 
map. Suppose the survey to lie between longitiides 1° East 
and 7° West, and 36° and 45° of Worth latitude, comprising 
eight degrees of longitude, and nine degrees of latitude. Let 
a {Fig. 43) be a point near the middle of the map, whose lati- 
tude is 40= 30' Worth, and whcee longitude is 3° 30' West. It 
is required to draw meridians and parallels for every degree. 
Draw through a the vertical line W S for the meridian passing 
through that point. Find in miI(B (as before) the distances 
from a to latitnde 41° Worth, and to latitude 40= Worth. These 
distances— taking 69,3 miles for a degree of latitude— are 34.6 
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miles above and "below a. The points J and c are thus deter- 
mined, and are points on the paralleis of 40° and 41° Kortli 
latitude, and the distance 5 e is one degree of latitude, which 
mviat be laid off on the line IST S, above and below 5 and e, 
until the whole extent of survey included by !NS is marked off 
in degrees. Determine, as in the first case, the meridians 3' 
and 4" west, by laying off in mileis the lengtlie of 30' to the 
right, and 40' to the left of iJ" and S, which are r^pectively 
situated in 46° and 36° of North latitude. These distances are, 
at N, by Table n, ^d^X&MZI miles, and N 6=32.6874 
miles, which are laid off on ed perpendicular to NS. At S, 
draw ^ g perpendicular to N S, and lay off from the table tbe 
dfetances 18.6614 miles to the right, and 37.3238 miles to the 
left. Then e A and hg wiU be each one degree of longitude, 
corresponding to the latitudes of 45° and 36° north. Draw the 
lilies e h and d g, and through the points of division on K S 
draw lines perpendicular to NS, and they will divide e h and 
d g into degree of latitude. The iigure ehg d will then be a 
projection of nine degrees of latitude, and one degi'ee of longi- 
tude. Other meridians may be thus determined ; — ^With the 
diagonal distance e g or t? A, as a radius, and from g and h as 
centres, describe the arcs i h and I m, and from d and e as 
centres, with the same radius, describe the arcs n o and pg. 
Now, from the points d and e as centres, and with e t? as a 
radius, draw two arcs interaecting i h at r, and ? m- at s, and from 
h and g as centres with A t/ as a radius, draw arcs intersecting 
no att, and ^ ^ at m. Join r with i, and s with u, and divide 
light lines s v- and r t into degrees of latitude, each equal to 
& c, and we shall have the meridians and parallels for 2° and 
5° west longitude. Determine the other meridians of the sur- 
vey in the same manner. The parallels of latitude may be 
composed of straight lines from one meridian to another, 
or, their points being determined on the meridians, a au/nne 
may be drawn through all thtrae points Iiaving the same lati- 
tude. 
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OF THE METHOD OF PROJECTmO HORIZONTAL 
CUTtVES, EROM THE LEVELS OE CEETAEtf POINTS 
DETERMINED BY SUKVEY. 

In euTveying the ground, for the purpose of tracing upon ita 
plan the horizontal curves, the points whose levels are deter- 
mined must be sufficiently numerous and close together, to ad- 
mit, -without sensible eiTor, of the supposition that the slope of 
the ground between them is uniform. The following method 
proceeds upon this supposition. Let A 

and {Fig. 43), be two points on the pro- A^__^^Lf ^b 

file of the ground, and let the horizontal ~~~~~ — — .ic 

distance (AB) between A and Cbe fifty feet. 
Let the difference of level between A and 0, as determined by 
survey, be ten feet, being the lowest point. It is required to 
fiud, upon A 0, the points in which horizontal planes, drawn 
one foot apart, and commencing at A, will intersect A C. The 
following proportion will discover this : — ■ 
As the total fall from A to is 
To the horizontal distance A B from A to C, 
So is any partial fall from A towards 
To its coiTesponding horizontal distance from A. 
Now A B is 50 feet, and the total fall from A to is 10 feet, 
(hen for a partial fall of one foot we shall have 10 ft, : 50 ft. : 
1 ft. : 5 ft., or the horizontal distance from A to that point of 
A 0, which is one foot below A : and by laying off 5 feet from 
A towards C, we shall have the intersection of the one-foot 
plane with a line of the ground. Again, 10: 50 :; 3; 10, 
which gives ten feet from A, for the point of intersection of the 
two-foot plane with A : and so on for the other planes. By 
marking out upon the ground scLuares, or triangles, whose sides 
are of equal and convenient length, determining the levels at 
all the intersections, and reducing all the levels so that they 
may be referred to one point (a horizontal plane drawn through 
such a point is called the plane of refermioe, and the levels so 
reduced are called referemes)., we can, by the above method, 
find, upon every line, the intersections of any horizontal 
plan^. 

But the references, as obtained by the instrument, are 



by Google 



37 

Y ever expressed in ■wnole numbers ; and whereas it ia 
desirable that the planes should be passed at whole numbers 
of feet apart, the labor of stating a proportion to calculate 
every point becomes considerable. This ia obviated by the 
following convenient mechanical method,* by which the pro- 
portions, instead of being stated in figures, are presented in 
lines, by means of the properties of similar triangles. 

Let 1, 3, 9, 7 {Fig. 44), be a portion of ground, projected on 
a scale of 50 feet to an inch. It is 100 feet square, and is sub- 
divided into four squares, of 50 feet sides. Let the references 
of the points 1, 2, 3, &c., be respectively 8.10, 6.30, 7.25, &e., 
as indicated in the figure. These levels are expr<ssed in feet, 
and are referred to a horizontal plane 2.5 feet above the point 
5; which is the highest point of the ground. It ia required 
now to trace the intersections of horizontal planes, which shall 
be S, 4, 5, 6, &c., feet below the plrnie of reference. Let us 
begin with the line 5, 6, Draw the line A B {Fig, 45), equal 
to the lino 5, 6, or, according to the scale, fifty feet in length. 
Then let fall from A & B, two perpendiculars, A D & B 0. 
Divide these perpendiculars into equal parts, say, each one 
tenth of A B, and join the opposite points of division, forming 
the ladder-like figure A B C D. Number the horizontal lin^ 
from B downwards, in quarters of unity, viz. : .25, .50, .75, 
1, 1.25, 1.50, &c., &c., so as to include the great^t number of 
feet the gi-ound will probably descend, from station to station. 
In the present case 7.50 will suffice. Cut from a piece of stiff 
paper a narrow strip like E !F, making the edge E E accurately 
straight. Fasten the line' E F to the point B, by means of a 
fine needle, so as to conceal as little as possible of the corner at 
B, and the instrument is ready for use. Beginning at the cen- 
tral point, 5 {Fig. 44), it will be observed that the three-foot 
curve is .5, or half a foot below it; the four-foot curve is 1.5 
feet below it ; the five-foot 2.6, and the six-foot 3.5 below it. 
The total fall from the point 5 to the point 6, is 6.50-2.50, or i 
feet. Then the edge E E {F'ig. 45), of the strip must be placed 
so that the line E F wiU be dravm from B to G, on the horizon- 
tal line marked 4, cori'espondiog with the difference of level 
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between stations 5 & 6. Tlie strip intist be secured in this 
position by a pin near E. Now from station 5, the firat partial 
fall we wish to 'find, is from referent 2,50, to the three-foot 
curve, or .5 of a foot. 

The proportion is,— Total fall from sta. 6 to sta. 6, is to 
Distance from sta. 5 to sta. 6, as 
Partial fall, is to the distance required, 
or, by the instrument, A G-, (or B H) ; H G : : B i : i k. Hence, 
to find the horizontal distance eoiTesponding to the partial fall 
of .5, we have only to measure on the horizontal marked .50, 
its length included between E H and E F {Mg. 45), and lay it 
off on the line 6, 6, {Fig. 44), from 5, towards 6. This will be 
a point of the three-foot cm've. The next point, that of the 
four-foot curve, is 1.5 feet below station 5. Take the length of 
the line marked 1.50, included between B H & E E, and lay it 
off from 5, towards 6. The five-foot curve lies 3.5 feet below 
station 5 ; then we take the part of the Hne 2.5 included between 
B H & E E, and lay it off as before. The six-foot cm-ve being 
3.5 feet below, we measure and lay off a similar part of the line 
marked 8.5, This finishes the division of the line between sta. 
5 to sta. 6, and gives points of the three, four, five, and six-foot 
curves ; which must be marked (3) (4) (6) (6), Points of the 
curves on other lines ai'e detennined in the same manner. For 
example, from sta. 5 to sta, 4, the total fall is 6.50 feet. Set 
the edge E F, from B to L, on the line maa'ked 6.50, and mear 
sure and lay off successively from 5 towards 4, the parts in- 
cluded between E F & B M, of the Hnes marked .50, 1.50, 2.50, 
3;50, 4.50, 5.50. The station 4, haviiig a reference of 9 feet, is 
itself a point of the nine-foot curve. Find the points thus, 
upon every line of the flgm'e, and draw tlie curv^ through the 
points so determined, taking eaj'e to give them their proper 
cmrature from point to point. If the total fall from station to 
station is expressed in smaller fractions than .25, as for exam- 
ple from sta. 5 to sta. 2, where it is 3.80; then the line E F 
mtBt be placed at a point between 3.75 and 4, but nearer to 
3.75 : or else the line B C may be divided and numbered, so as 
to show smaller fractions than J, 

In case the great irregularity of the gi'ound should require 
intei-mediate levels and references, a distance must be laid off 
from B towards .A, making N B ec[ual to the horizontal distance 
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between these secondary points and the primary ones, and tlie 
line !N drawn, and used for these, instead of the line A D, 
which latter is used for all the regular distances of the surrey. 



OF THE METHOD OE PEOJECTIKG HORIZONTAL 
OUEYES OF THE GItOUE"D UNDER WATER. 

In surveying a harbor, or any extensive body of water, flag- 
buoys are stationed at convenient points, and their positions, 
their distances from each othei-, and from some points on the 
shore at the water line, accurately surveyed and projected on 
the map. Soundings are taken along these connecting lines 
keeping the intervals of the soundings exactly eq^iial between 
any two of the stations, though they may vary for different 
lines. In order to detei'mine the curves of the bottom, it is 
necessary to distiibute the soundings of each line, ecLually 
throughout its length. Suppose {Fig. 34, " soundings") the 
line between the two buoys to be one of the projected lines, 
and that its length is 630 feet. The number of recorded 
soundings corresponding to that line is 33, including the 
soundings at the buoys. Tliis will give 21 intervals between 
the soundings. Then the line must be divided into 31 ec[nal 
parts, of 30 feet each. Mark the points of division on the 
line, and write opposite to each point ite corresponding soiind- 
ing. The points of any desired curve may now be found : — for 
example, the six-foot and nine-foot curves will pass through 
the points 6 and 9, the twelve-foot and fifteen-foot curves will 
pass midway between tlie points Hi and 134, and 14-J and 
15 J, respectively. In the same manner other lines of sound- 
ings may be divided, and points of the curves detennined. 
Through all the points so foimd, the curves are drawn, after 
which they arc numbered {as in the figure) at a sufficient num- 
ber of places. 

The following easy method of dividing a line into any 
number of ec[ual parts, will save the labor of measuring, or 
dividing by trial. Out a strip of drawing paper, the edge 
A B of which {Fig. i5J) is gi-aduated in equal divisions. If 
it be required to divide the line c d into nineteen equal parts, 
place the strip so that its edge A B shall make a convenient 
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angle with c d, and so that the zero of ita graduation shall 
coincide with the point c. Secure the strip in this position. 
Now join the point d with the point 19 of the scale A E, 
and draw, parallel to 19 d, Hnes through all the inferior 
points of the graduation, and these hn^ -will cut c d into 
nineteen equal parts. 



PROBLEMS COKNEOTED WITH THE EEDUCTIOK, EN- 
LARGING, AND COPYmG OF MAPS OK PLANS. 

Problem I. 

To Consii'uet a Square tliat shall he a M%ili/t^l& of any gwen 



Let A B 1) {Mg. 46) bo the given square, and let it he 
required to construct a square that shall contain f 
&c., times ite surface. Draw the 
diagonal E D, and make B a equal 
to B D— then the square described %-*s 
upon B a, will be double the square 
A B D. Lay off A E, equal to ' 
B a, and draw B E, then the square 
described upon B E, or B h, will he 
three times the square A B C D. 
In the same manner, lay off A F b*^ 
equal to B 6, and the square described upon B F, or B o, will 
be four times the square A B D, and so for any multiple of 
the square A E D. 
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Square thai shall he equal to i, i, c&c, of 
a/ny gvoen Square. 



Let A B C E {Fig. iT) be the given 
square. On A B, as a diameter, de- 
scribe the semi-circle A H E, and 
erect, at the centre E, the perpendicular 
E H. Draw B H, and it will be the 
Bide of a square equal to one-half of 
A BOD. Lay off EB, equal to one- 
fourth of A B, and erect the perpen- 
dicular E I, then the square described 
upon I B will be equal to one-fourth 
of A B D. In the same manner, a 
square may be constructed, equal to 
any part of A B C D. 




To CoThst/met a Sguare thai shall he i. 
giveni Square. 

Let A B C D {Fig. 48) be the 
giyen square. It is required to con- 
struct a square which shall be to 
A B C D as 3 is to 5, Upon the side 
A B as a diameter, describe the semi- 
circle A G- B, and divide the line 
A B into five equal pai'te. At the 
second point of division, erect the 
perpendicular E G, and join A G — 
the square described upon .A G will 
he to the given square A B D as 2 
is to 5. 
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To Construct wpon a gwen £ctse, a R&ctcmgle, which shall de 
similof to a given Seotmigle. 



It is required tc 



Let A E I* G be the given rectangle, 
construct upon the base 
A B, one that shall be 
similar to A E F B. Pro- 
long A E, and lay off tlie 
given hase from A to B. 
Draw the diagonal A G, 
and prolong it indefinitely. 
Erect a perpendicular to 
A B, at B, and at the 
point D, where it iriter- 

eects the prolonged diago- .^ _ _ 

nal, let fall D 0, perpendicular to A F produced. Then 
A B C D -will he similar to A E E G-. All rectangles having 
their diagonals in the same line are similai-. 
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kA Sketch in the Horizontal System. 
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